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Abstract 
Background: Due to technological advances, adults living in industrialised countries now 
spend the majority of their waking hours sedentary (i.e. sitting down and expending little 
energy). Given that high volumes of sedentary time are linked to increased risk of poor 
health and premature mortality, interventions to reduce sedentary time have been 
identified as a key public health priority. To increase the effectiveness of such 
interventions, settings-based approaches have been suggested. Desk-based office 
workers comprise a large occupational sector and spend an average of 75% of the 
workday sitting. The office-based workplace has thus been identified as a particularly 
opportune target setting to address this behaviour. 
A recent evidence review of workplace strategies to reduce office workers’ sedentary time 
concluded that provision of activity-permissive workstations may be needed to achieve 
meaningful reductions in sedentary time. Activity-permissive workstations allow office 
workers to stand, walk, or pedal while undertaking their usual computer and desk-based 
job tasks. Studies have reported sedentary time reductions of over two hours per working 
day following installation of such workstations. However to date, this evidence, including 
what is known about the  feasibility and impact on health- and work-related outcomes, has 
not been systematically summarised. Furthermore, ecologic models and workplace health 
promotion frameworks suggest that the provision of such workstations should be 
integrated with additional strategies targeting personal health resources and the 
psychosocial work environment. However, published reports of such interventions are few. 
Hence, there is limited evidence supporting their feasibility and efficacy. 
Aim: The overall aim of this thesis research is to contribute to the evidence informing 
interventions using activity-permissive workstations to reduce workplace sedentary time in 
office workers. This was accomplished through three studies. 
Methods and Results: 
1) Study 1 comprised a systematic literature review and meta-analysis examining the 
impact of activity-permissive workstations on office workers’ sedentary time, health- and 
work-related outcomes. This review also summarised the evidence on the feasibility of 
such workstations in office workplaces. Results showed that the use of activity-permissive 
workstations was well accepted among office workers and led to an average reduction in 
sedentary time of 77 minutes across included studies. Health- and work-related outcomes 
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remained predominantly unchanged following intervention. However, there was 
considerable heterogeneity among the studies in the way that the workstations were 
implemented. 
2) Study 2 consisted of the systematic and iterative development of a multi-component 
intervention to reduce office workers’ sedentary time. This intervention included activity-
permissive workstations as well as strategies targeting personal health resources and the 
psychosocial work environment consistent with workplace health promotion frameworks.  
3)  The effectiveness of the above-mentioned multi-component intervention was 
evaluated in a 3-arm trial within Study 3 of this PhD research. Here, the effectiveness of 
the multi-component intervention developed in Study 2 was compared to an intervention 
comprising activity-permissive workstations only and a (usual workplace-practice) control 
group. Following intervention, participants receiving the multi-component intervention 
reduced their workplace sedentary time by an average of 89 minutes per 8-hour workday 
(95% CI= -130, -47 minutes; p<0.001) relative to the control group, while the group 
receiving the workstations only reduced their sedentary time by 33 minutes per 8-hour 
workday (95% CI= -74, 7 minutes, p=0.285). Following the end of the additional 
intervention components (i.e. strategies targeting personal health resources and the 
psychosocial work environment) at 3 months, sedentary time increased by 23 minutes per 
8-hour workday in the multi-component intervention group, while reductions in the 
workstations-only group were largely sustained. However, there was still a substantial 
difference regarding sedentary time reductions between these two groups 12 months post 
baseline. 
Conclusions: Results from these PhD studies suggest that activity-permissive 
workstations, if the chosen model is suitable to individual needs and job tasks, can be an 
effective means to reduce sedentary time in office-workplaces. However, a change in 
workplace culture around adopting more active routines is needed to achieve more 
substantial reduction in sedentary time. This can be facilitated through strategies targeting 
the psychosocial work environment and/or personal health resources as suggested by 
workplace health promotion frameworks. Ongoing provision of such strategies may be 
needed to sustain sedentary time reductions in the long-term. 
More research is needed to examine the sustainability of sedentary time reductions as well 
as the potential impact of longer-term reductions on health-related outcomes and work 
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performance indicators. Furthermore, future studies should examine the effectiveness of 
the multiple intervention components in isolation. In order to facilitate the adoption of less 
sedentary routines in workplaces, integrating a focus on reducing sedentary time into 
occupational health and safety policies is likely to be needed.
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Overview, context, and significance of the thesis 
Excessive time spent in sedentary behaviour - sitting or lying down while expending little 
energy – is now identified as a common and serious health risk. Over the past few 
decades, technological advances and associated labour-saving devices have led to rapid 
increases in sedentary time and associated declines in incidental physical activity. It is 
currently estimated that adults spend more than half of their waking hours in sedentary 
behaviours. Interventions to reduce sedentary time have therefore been identified as a key 
public health priority. 
Sedentary behaviour occurs across multiple domains, including during leisure, within the 
home environment and in the workplace. The office-based workplace has been recognised 
as a particular high-risk setting, with desk-based office workers spending approximately 
75% of their work hours sitting. Notably, a large proportion of this time is spent in 
prolonged, unbroken bouts of 30 minutes or more: an accumulation pattern that may place 
them at higher risk for poor health. In industrialised countries such as Australia, most 
adults spend a third of their waking hours in the workplace. Here, they share a common 
physical (e.g. the office building design) and psychosocial (e.g. organisational norms and 
routines, management support etc.) environment with established communication 
channels. Office-based workplaces thus offer the opportunity to reach a large number of 
people via multiple pathways and are therefore an opportune setting for sedentary 
behaviour intervention. 
One potential strategy to reduce sedentary time in desk-bound office workers is the use of 
activity-permissive workstations. Activity-permissive workstations allow office workers to 
stand, walk, or pedal while working at their usual computer and desk-based job tasks. 
Examples of activity-permissive workstations include treadmill desks, stepping or pedal 
devices that are fitted underneath the desk, and sit-stand workstations. Sit-stand 
workstations include desks or desk mounts that are adjustable to full standing height. They 
enable office workers to conduct their desk-based tasks while alternating between sitting 
and standing and thus to change their posture frequently, as is recommended within 
occupational health and safety standards. Traditionally acquired for the prevention of 
musculoskeletal problems, their potential to reduce sitting time for broader preventive-
health benefits is increasingly being recognised. However, to date, the evidence regarding 
the efficacy and feasibility of such workstations is limited. Furthermore, the workplace 
health promotion literature suggests that multi-dimensional interventions are key to 
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successful and sustained improvements of worker health. Such interventions include 
strategies targeting personal health resources and the psychosocial work environment in 
addition to modification of the physical office environment. However, with respect to 
reducing workplace sedentary time, there is little empirical evidence to guide the 
development of such interventions, and limited evidence to support their feasibility and 
efficacy. The focus of this thesis is thus to contribute to this evidence by systematically 
summarising the evidence pertaining to the effectiveness of activity-permissive 
workstations to reduce workplace sedentary time and by developing and evaluating a 
multi-component intervention in line with workplace health promotion frameworks and 
models. Results from this thesis research will help to inform policy, practice and future 
research on sedentary behaviour interventions within the workplace, with particular 
relevance to workplace policies and occupational health and safety guidelines. 
There are five chapters in this thesis, with Chapters 2, 3 and 4 including peer-reviewed 
published journal articles. 
Chapter 1 provides an overview of the background and research aims of this thesis. This 
includes a definition of sedentary behaviour and terminology used throughout the thesis, 
as well as a review of methods to measure workplace sedentary time and patterns and of 
the epidemiological literature pertaining to its associations with chronic disease. This is 
followed by a description of the distribution and determinants of sedentary time, pointing to 
the office-based workplace as being a key setting for sedentary behaviour interventions. 
Subsequently, the current evidence base regarding modifiable influences on workplace 
sedentary time is presented. This includes an introduction to the Healthy Workplace Model 
- the World Health Organization’s model guiding workplace health promotion, which was 
used as a guiding framework for this thesis. Finally, workplace interventions to reduce 
sedentary time are reviewed and gaps in this literature identified. This chapter closes with 
a detailed description of the research aim and specific objectives of this thesis research.  
Chapter 2 includes a systematic literature review of the feasibility of activity-permissive 
workstations in office-based workplaces and their impact on office workers’ sedentary 
time, health-, and work-related outcomes. This review was published in Obesity Reviews. 
Chapter 3 comprises a description of the systematic and iterative development of the 
Stand Up Australia intervention: a multi-component intervention, including activity-
permissive workstations as well as strategies targeting personal health resources and the 
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psychosocial work environment to reducing sedentary time in office workers. This paper 
was published in the International Journal of Behavioral Nutrition and Physical Activity. 
Chapter 4 describes the methods and outcomes of Stand Up UQ: a 3-arm controlled field 
study that compared the effectiveness of the Stand Up Australia intervention to reduce 
office workers’ sedentary time to the installation of activity-permissive workstations only, 
over 12 months. This study also examined the impact of sedentary time reductions on 
health- and work-related outcomes. The main outcomes 3 months after baseline (end-of-
intervention) of this study were published in the American Journal of Preventive Medicine. 
Additional methods and results at 12 months as well as the feasibility of the Stand Up UQ 
intervention are also provided. 
Chapter 5 briefly summarises the research findings of these PhD studies and provides an 
integrated discussion of their implications, limitations and recommendations for future 
research, policy and practice.
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CHAPTER 1. Background and aim of the thesis 
Sedentary behaviour is prominent throughout the daily lives of many people. Due to an 
increase in screen-based recreation, greater reliance on cars, and labour-saving 
technology, the lifestyle in industrialised countries has become increasingly sedentary over 
the last century (1). Studies using objective measures have shown that adults living in 
industrialised countries spend the majority of their waking hours in sedentary behaviours 
(2-6). This high proportion of sedentary time throughout the day, coupled with the 
emerging evidence regarding the health impacts of this behaviour (described in Section 
1.3), has led to the inclusion of sedentary behaviour-specific recommendations in the 
Australian physical activity guidelines in 2014 (7). These guidelines now suggest to reduce 
sitting time, with an emphasis on breaking up long periods of sitting as often as possible 
(7). Similar recommendations have been stated in the USA (8), UK (9) and Canada (10), 
and interventions are now starting to specifically target the reduction of prolonged 
sedentary time. This reflects an important paradigm shift in the physical activity field, 
where the emphasis has moved from a focus on participation in leisure time moderate- to 
vigorous-intensity physical activity (which constitutes a small (~5%) fraction of waking 
hours) to consideration of activity behaviours across the entire day and intensity spectrum, 
including those classified as sedentary.  
As demonstrated by the evidence reviewed in this chapter, the workplace is a key setting 
for interventions aiming to reduce sedentary time. Desk-based office workers constitute a 
large occupational sector and spend approximately 3/4 of their working hours sitting on 
average (11). This puts them at high risk for developing a number of chronic conditions as 
well as premature mortality (12-14). Addressing sedentary time in the office workplace 
thus forms the primary focus of the PhD research summarised in this thesis.  
1.1 Definition of sedentary behaviour 
Sedentary behaviour is defined as any waking activity characterized by an energy 
expenditure ≤ 1.5 metabolic equivalents (METs; an estimate of the energy expended 
during physical activity) and a sitting or reclining posture (15). The term “sedentary” (from 
Latin ‘sedere’ = ‘sitting’) has been used inconsistently within the scientific literature. 
Previously, this term was used to describe individuals who did not meet the current 
physical activity guidelines or expended energy of a certain minimum threshold (16). 
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However, individuals can be physically active (i.e. meeting these guidelines) and yet be 
highly sedentary (the Active Couch Potato phenomenon (17)). For example, a desk-based 
office worker who spends the majority of the day sitting at the desk and then exercises at 
the gym after work before spending the evening on the couch while watching TV. 
Conversely, some individuals are physically inactive (i.e. they do not meet the current 
guidelines for moderate to vigorous physical activity), but have low sedentary time (18). 
Here, an example is a nurse who is on the feet for most of the working day without doing 
any structured physical activity and remains active around the house during the evening. 
As Section 1.3 will show, these distinct behaviour classifications potentially have unique 
implications for health (19). Consistent use of the terminology in this field is thus critical. In 
this thesis, the term sedentary behaviour will be used in line with the above definition. 
Additional terms used include: 
 sedentary time, which refers to time spent in sedentary behaviours; and, 
 workplace sedentary time, which refers to sitting time occurring in the workplace. 
Sedentary behaviours can occur across multiple domains. The three main domains in 
which adults typically accumulate sedentary time are: domestic environments (e.g. while 
watching TV), during travel (e.g. driving in the car), and in workplaces (e.g. desk-based 
office work) (20, 21). Figure 1.1 depicts a sedentary behaviour taxonomy. This taxonomy, 
which is adapted from a more comprehensive ecologic model of sedentary behaviour (22), 
shows examples of the multiple sedentary behaviour domains and some of the specific 
sedentary behaviours associated with them. 
 
Figure 1.1 Simplified taxonomy of sedentary behaviours 
To date, the majority of sedentary behaviour research has examined either sedentary time 
accrued in the domestic domain (often self-reported TV viewing time or other screen time), 
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or overall sedentary time (i.e. sedentary time accrued across all domains) (23). While a 
summary of this research evidence will be provided, the main focus for this chapter and 
the thesis overall is on workplace sedentary time. The next section describes the methods 
used to measure sedentary time. 
1.2 Measuring sedentary time 
Similar to the measurement methods used in physical activity research, methods to 
determine sedentary time can broadly be categorised into self-report and objective 
methods. 
Self-report measurement methods of sedentary behaviour include self- or interviewer-
administered questionnaires assessing sedentary time as a total across the whole day 
(such as by the PAST questionnaire (24)), domain-specific (such as the workplace; e.g. 
Occupational Sitting and Physical Activity Questionnaire (OSPAQ) (25)) and/ or across 
specific activities (e.g. while watching TV such as assessed by the Marshall Sitting 
Questionnaire (26)). They are relatively inexpensive and easy to administer on a wide 
scale, with a comparatively low burden for participants. Importantly, they provide an 
opportunity to measure the context of time spent in sedentary behaviour – a feature that is 
particularly important when measuring workplace sedentary time. Here, domain-specific 
questionnaires such as the OSPAQ (25) or the Workforce Sitting Questionnaire (WSQ) 
(27) have been developed. However, a typical disadvantage of self-report measures in 
general is that they are subject to random and systematic reporting error (28). Another 
disadvantage is that they measure the total volume of sedentary behaviour only, without 
taking into account the number, frequency and duration of long periods of uninterrupted 
sedentary time. While some self-report measures include questions on the number of 
breaks from sedentary time, they fail to accurately reflect time-specific patterns thereof, 
which is important when considering the health impacts of sedentary time as shown in 
Section 1.3. This disadvantage can be overcome by using objective measurement means. 
Objective measurement methods of sedentary behaviour include direct observation and 
the use of monitoring devices. The former is likely to be the most accurate measure but it 
is also resource-intense and intrusive. Device-based measurement of sedentary behaviour 
is being increasingly used in epidemiological research studies. Two commonly used 
devices to measure sedentary time, both worn on the body, are accelerometers such as 
the ActiGraph (LLC, Fort Walton Beach, FL) and the activPAL inclinometer/accelerometer 
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(PAL Technologies Limited, Glasgow, UK). Most epidemiological studies that included 
objective measures of sedentary time have used hip-worn ActiGraph devices. ActiGraph 
monitors predominantly measure ambulatory movement. They distinguish different 
intensity levels of physical activity and derive sedentary time from low movement counts 
(which are associated with low energy expenditure). However, they do not accurately 
capture posture (e.g. standing upright or sitting/ lying down) (29) and are therefore not 
optimal for sedentary behaviour measurement. This is particularly important to note in the 
context of workplace intervention studies, where the replacement of sitting with standing 
(e.g. in meetings) is likely to be a suggested strategy to reduce workplace sedentary time. 
ActivPAL activity monitors, in contrast, are worn on the thigh and contain acceleration as 
well as inclination logging technology. This enables the detection of whether an individual 
is upright (i.e. the thigh is in a vertical position) and standing or stepping, or sitting/ lying 
down (i.e. the thigh is in a horizontal position). The activPAL device has been shown to be 
both valid and responsive to sedentary time change (30). Both ActiGraph and activPAL 
devices record data specific to date and time. However, they are relatively expensive and 
require specific data processing software as well as specific knowledge for data analysis. 
To accurately capture sedentary behaviour in the workplace, it is important to measure 
both the time spent in the workplace as well as the volume and pattern of sedentary time. 
Time at the workplace can be measured through diaries, work timesheets or assumed 
times (e.g. 9am to 5pm). As described above, the volume and pattern of sedentary time is 
ideally captured through an objective, posturally-based measure, such as the activPAL 
activity monitor. Details on the measurement methods used to capture workplace 
sedentary time in these PhD studies are described in Sections 3.3 and 4.2 of this thesis.  
1.3 Health impacts of high sedentary time 
Historically, the first time sedentary behaviour was identified as a contributor to detrimental 
health was in the 18th century. The Italian physician Bernardino Ramazzini wrote in his 
observations ‘‘De Morbis Artiﬁcum Diatriba’’ (Diseases of Workers) that “those who sit at 
their work suffer from general ill-health and an excessive accumulation of unwholesome 
humors caused by their sedentary life” (Ramazzini, 1713, 1964 translation, pages 281-
285) (31). Approximately 250 years later, Morris et al. compared the health outcomes of 
workers employed in sedentary occupations with those employed in more physically 
demanding jobs in the UK. Morris reported that London bus drivers, who sat for the greater 
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part of their shift, had a significantly higher risk of coronary heart disease than the bus 
conductors, who typically climbed 750 steps to and from the top deck every working day 
(2.7/1000 per year versus 1.9/1000 per year respectively) (32). Similar results were 
observed in another study that compared the incidence of coronary heart disease of postal 
workers, who cycled or walked to deliver the mail, with civil servants occupied in sedentary 
tasks (32). However, in the decades since these studies, the focus of human movement 
and public health research on inactivity and health outcomes has revolved around the 
health benefits of participating in moderate- to vigorous-intensity physical activity (33). 
In the 1980s, bed rest studies and space medicine research began to examine the 
deleterious impact of extreme sedentariness, weightlessness and lack of physical variation 
on a number of physiological parameters such as muscular impairments, bone density and 
joint health (34). Simultaneously, occupational ergonomic research studied the 
musculoskeletal consequences of sedentary work, consistently reporting incidences of 
symptoms such as lower back and neck pain (35-38). 
In 2000, Owen and colleagues published a seminal review highlighting the need to 
consider sedentary behaviour in addition to physical activity behaviour as an independent 
health risk behaviour within public health research (39). Since then, there has been a rapid 
escalation in the number of studies examining the relationship of sedentary behaviour and 
health. To date, the majority of these studies have used self-report measures of sedentary 
time and focussed on the general population, with workplace-specific studies having 
emerged in more recent years. 
1.3.1 Evidence from the general population on the health impacts of 
sedentary time 
Observational studies from the broader public health research disciplines have 
demonstrated detrimental associations of high self-reported sedentary time (relative to 
lower amounts of sedentary time) with premature mortality (40-44). This has been 
observed across several self-reported sedentary behaviours including television viewing 
time (RR per 2 hours/day= 1.15) (43), time spent in cars (HR= 1.5 for more than ten 
hours/week compared to reporting less than four hours/week) (45), being sedentary during 
leisure (HR= 1.15 for 8 to <11 hours/day and HR=1.40 for ≥11 hours/day compared with 
<4 hours/day) (42) and working in sedentary occupations (44, 46). According to results 
from a recent meta-analysis, the risk of all-cause mortality increases by 5% for each 1-
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hour increment in daily self-reported sitting time per day for adults who sit ≥7 hours/day 
(12). Detrimental associations of high self-reported sedentary time with physical health 
have been further established in relation to overweight and obesity (47-50); type 2 
diabetes (48, 51, 52); biomarkers of cardio-metabolic disease (53, 54); the metabolic 
syndrome (55, 56); colon, endometrial and lung cancer  (57); and, to mental disorders 
such as dysthymia and depression (58, 59). In many of these studies the observed risks 
have been shown to remain in those meeting the moderate- to vigorous-intensity physical 
activity guidelines (although in some of these the relationship has been partially 
attenuated). 
As noted above, the vast majority of these studies have relied on self-report measures of 
sedentary time. The increasing use of objective tools has significantly advanced this 
research field. Through the use of devices it has been shown that not only the total volume 
of sedentary time is linked to health outcomes, but also the pattern in which sedentary time 
is accrued over the course of the day. Specifically, prolonged, unbroken sedentary time 
has been associated with musculoskeletal symptoms (60) and biomarkers of cardio-
metabolic health such as body mass index, waist circumference, two-hour fasting blood 
glucose and triglycerides (61). Conversely, regularly interrupting sedentary time has been 
found to be beneficially associated with biomarkers of cardio-metabolic health (62, 63). 
These findings were used to support the updated physical activity and sedentary 
behaviour recommendations to reduce and regularly interrupt sedentary time mentioned in 
the introduction of this chapter. 
Based on these epidemiological findings laboratory-based experimental studies have 
emerged. Here, benefits of regularly interrupting sedentary time have been observed on 
blood biomarkers of cardio-metabolic health such as postprandial (i.e. after a meal) 
glucose (64, 65), insulin levels (64-66), triglycerides (66), non-HDL  (66), cholesterol  (66), 
and apolipoprotein B plasma (a lipoprotein responsible for carrying LDL cholesterol to 
tissues) (66). The beneficial impact on insulin levels was observed even in comparison to 
highly sedentary individuals who exercise vigorously for one hour per day (66), suggesting 
that this detrimental health impact of high sedentary time cannot be offset even when 
physical activity guidelines are met. 
While the underlying physiological mechanisms that link sedentary behaviour to poor 
health outcomes are yet to be fully understood, it has been proposed that these include 
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the lack of muscle contractile activity, reduced gravitational force and the resulting lowered 
energy expenditure. Specifically, using electromyography, it has been shown that the 
muscular activity during sedentary behaviour is minimal, particularly in the lower limbs 
(67). In laboratory rodent studies, this lack of muscular contraction has been observed to 
lead to the suppression of lipoprotein lipase, an enzyme responsible for the uptake of free 
fatty acids into skeletal muscle (67). Notably, in line with the epidemiological findings 
described above, the link between lipoprotein lipase inactivity during sedentary behaviour 
appears to be qualitatively different from the link between lipoprotein lipase and physical 
activity, where the enzymatic suppression occurs in different muscle tissue and to a lesser 
extent (67, 68). Episodes of sedentary behaviour have further been observed to lead to 
impaired carbohydrate metabolism through decreases in glucose transporter protein 
concentration (69). Finally, studies observing vascular activity during sedentary behaviour 
have reported reduced functioning of the endothelium (i.e. the inner lining of blood 
vessels) (70) and decreases in peripheral vascular function and subsequent decreases in 
brachial arterial diameter and elevated blood pressure (71, 72). Consequently, high 
volumes of sedentary time can lead to elevated blood pressure, glucose and lipid levels in 
the blood stream, and lower energy expenditure and thus to an increased cardio-metabolic 
risk. While further experimental evidence is needed to fully explain the mechanisms of 
sedentary behaviour, these findings largely support the epidemiological observations 
noted above. 
1.3.2 Evidence from workplace studies on the health impacts of sedentary 
time 
As described above, some of the first evidence on the detrimental associations of high 
sedentary time with health outcomes was observed in the workplace (31, 32). In 2010, a 
systematic review summarised the evidence from 43 studies regarding the relationship of 
workplace sedentary time and the outcomes of body mass index, cancer, cardiovascular 
disease, diabetes mellitus, and mortality (73). This review reported that occupational sitting 
was associated with a higher risk of diabetes mellitus and premature mortality, whereas 
uncertain results were found regarding an association of workplace sedentary time with 
overweight and cancer. However, this review also noted that the included studies were 
significantly heterogeneous regarding the observed associations, making it difficult to draw 
firm conclusions. Of particular note, and in line with the summarised studies in Section 
1.2.1, all of the included studies used self-reported measures of workplace sedentary time, 
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with the review highlighting the need for further studies specifically targeting workplace 
sitting time, and objectively measuring this behaviour (73). 
Laboratory studies involving office workers have shown that alternating bouts of sitting and 
standing (74) and replacing sitting with standing for half of a work shift (75) can lead to 
improved postprandial blood glucose.  As the next section will elaborate on, examination of 
the impact of standing on health and its role as a potential alternative to sitting is 
particularly important in the context of interventions to reduce sedentary time in office-
based workplace settings. Considering the high volume of sedentary time typically 
accumulated by office workers throughout the working day, there is a large potential for the 
displacement of some sedentary time with upright light-intensity physical activity such as 
standing and/ or moving.  
1.4 Distribution and determinants of sedentary time 
1.4.1 Sedentary time in the general adult population 
In Australia, adults spend approximately 90% of their leisure time in sedentary behaviours 
(76). A study using a self-report measure of sedentary time across 20 countries worldwide 
reported a median of 5 hours of daily sitting time in adults (77). Studies using objective 
measures have consistently reported higher volumes of adults’ sedentary time compared 
to self-reported figures. These range from 7.7 hours per day in Sweden (2) and the US (3), 
to 8.4 hours per day in Australia (4), and close to ten hours per day in Canada (5) and 
England (6). The majority of the remainder waking hours are spent in light-intensity 
physical activity and, to a small fraction, in moderate- to vigorous-intensity physical activity 
(78). While the evidence pertaining to the determinants of this high sedentary time is 
limited to date, they are assumed to be multifactorial. 
1.4.2 Determinants of sedentary time 
Adults’ sedentary behaviour is determined by a multitude of factors. The ecologic model of 
sedentary behaviour (Figure 1.2), while still in early stages, helps to understand these 
influences on sedentary behaviour across the domains leisure, household, transport and 
occupational (22). Here, it is suggested that sedentary behaviours (as well as other health 
behaviours) are influenced via multiple inter-influencing levels ranging from more proximal, 
inherent factors such as genes or demographic characteristics to more distal factors such 
as local policies. Specifically, they include intra-individual, inter-individual/ social, 
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organisational, physical-environmental, community, and policy level influences that are 
specific to the domains the sedentary behaviours occur in (79). For example, sedentary 
behaviour occurring during travel has been shown to be inversely associated with the 
availability of public transport in a certain area (80); in the home environment, sedentary 
time is likely to occur during TV viewing (81); during leisure, a lot of time is spent 
sedentary while using the computer (82); and, in the occupational domain, work tasks such 
as computer work typically involve high volumes of sedentary time (11).  
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Figure 1.2. Ecologic model of sedentary behaviour; copy from Owen et al., 2011 (22)
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To date, the evidence-base regarding determinants of sedentary behaviour is limited, with 
the majority being based on cross-sectional studies identifying ‘correlates’ rather than 
causal relationships (22, 83). Furthermore, the multiple influences on sedentary behaviour 
proposed by the ecologic model can vary significantly between individuals (22). Settings-
based approaches have therefore been identified as a key strategy for health promotion 
intervention (84). 
As the following sections will describe, in the context of reducing sedentary time, the 
office-based workplace setting has been recognised as a particularly opportune setting 
(85-87). This is due to office-based workplace interventions having the potential to reach a 
large number of individuals; and, because being employed in office-based occupations is a 
strong determinant of high volumes of sedentary time. 
1.4.3 The office-based workplace is a key setting for sedentary behaviour 
intervention 
Workers represent half of the world’s population (86) and spend approximately a third of 
their lives in the workplace (88-90). In the workplace, workers share a physical and 
psychosocial work environment. The physical work environment includes features such as 
the building design or individual workspaces. The psychosocial work environment includes 
organisational aspects such as OHS policies or managerial support for lifestyle 
interventions, as well as the workplace culture and social norms (91). Moreover, 
workplaces typically have established infrastructures such as team structures and 
communication systems. This combination of features within the workplace setting mean 
that health behaviour change interventions conducted in workplaces have the potential to 
reach a large number of individuals via multiple pathways.  
In line with the increasing volumes of sedentary time that have been observed in the 
general population over recent decades, workplaces now include tasks that involve more 
seated work than ever before (92, 93). Occupations that traditionally required heavy 
physical demands such as in the production industry are increasingly reliant on technology 
(88). While in the 1950s every second worker was employed in a physically active job, 
current figures indicate that this is now only one in five (92, 94). The current widespread 
use of computers has led to a large and increasing proportion of industrial sectors now 
involving desk-based office work (88, 95). And, among desk-based office workers, 
volumes of sedentary time are increasing. While typically, poor lifestyle choices are 
  
CHAPTER 1 
12 
 
associated with lower socio-economic status, workplace sedentary time appears to pose 
an exception. Studies using objective measures have shown that desk-based office 
workers spend approximately 75% of their working hours sitting (11, 96-99). This high 
volume of workplace sedentary time has been shown to account for nearly half of adults’ 
total weekly sedentary time (100). A significant proportion of this time is accrued in 
prolonged unbroken bouts of 30 minutes or more (11), which are particularly detrimental to 
health as noted in the previous section. Furthermore, in addition to the high volumes of 
sedentary time during work hours, there is some evidence that office workers are not less 
sedentary during non-work time (101). In fact, recent evidence has shown a positive 
correlation between high sedentary time at work and during non-work hours in office 
workers (102, 103). Workers employed in desk-based office jobs have therefore been 
identified as a high-risk group and key target for sedentary behaviour intervention (100, 
104-106). To develop effective interventions aiming to reduce office workers’ sedentary 
time, an understanding of the modifiable influences on workplace sedentary time is crucial. 
1.5 Influences on workplace sedentary time 
In line with the limited knowledge of sedentary behaviour determinants in the general adult 
population, the evidence regarding influences on workplace sedentary time is even more 
limited. A recent study examining potential correlates of workplace sedentary time reported 
that psychosocial factors (such as self-efficacy, social support and perceived behavioural 
control, all of which are typically important to change higher-intensity physical activity 
behaviours (107)) were not associated with workplace sedentary time (106). Moreover, 
among a sample of call-centre workers, knowledge regarding the importance of regular 
interruptions in workplace sedentary time was also unrelated to sedentary behaviour 
outcomes (108). In the absence of more specific evidence regarding determinants of 
workplace sedentary time, well established workplace health promotion 
models/frameworks can be used to guide intervention development. 
1.5.1 Workplace health promotion frameworks and models 
Workplace health promotion frameworks offer insights into facilitators and barriers to 
changing workers’ health behaviours. To date, these have predominantly been applied to 
workplace interventions targeting health behaviours such as physical activity, dietary 
behaviour, smoking cessation, or alcohol consumption. Nonetheless, they provide 
guidance for interventions to reduce workplace sedentary time. Commonly used models 
include the Healthy Workplace Framework and Model by the World Health Organization 
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(WHO) (109), the Essential elements of effective workplace programs and policies for 
improving worker health and wellbeing published by the US Department of Health and 
Human Services (110), the Best-practice guidelines: Workplace health in Australia from 
the Workplace Health Association Australia (91), as well as other guiding workplace health 
promotion literature (111-113).  
Throughout this PhD thesis, the WHO’s Healthy Workplace Framework will be used as an 
overarching framework. The key reason for choosing this framework is that it has a global 
focus and combines many of the elements contained in other relevant frameworks as well 
as the workplace health promotion literature. The Healthy Workplace Framework (Figure 
1.3) proposes four broad levels of influence relevant to reducing workplace sedentary time: 
1) Personal health resources: These include but are not limited to cognitive resources 
such as health literacy (e.g. knowledge about the detrimental health impacts of high 
volumes of sedentary time, motivation to reduce sedentary time, self-efficacy (i.e. the 
confidence to be able to reduce sedentary time) and positive outcomes expectations. 
Other personal health resources include work capacity, financial resources and family 
circumstances. 
2) The psychosocial work environment: This includes social and organisational norms, 
values, support, and regulations. Among these are attitudes (and demonstration thereof) 
regarding health behaviours among colleagues and supervisors, existing occupational 
health & safety policies, and exposures to psychosocial stressors at work such as job 
demands, job control and security, harassment, supervisor and co-worker social 
support. Examples for the context of workplace sedentary behaviour include 
management attitudes and values towards efforts to reduce workplace sedentary time or 
norms and acceptability around standing in staff meetings. 
3) The physical work environment: This includes the office layout and design, furniture, 
machines, and availability of resources such as sit-stand desks (see Section 1.6.3 for 
more details) and of communal workplace spaces such as meeting rooms or kitchens.  
4) Enterprise community involvement: This includes activities, expertise, as well as 
social and physical resources of the immediate local environment. In the context of 
reducing workplace sedentary time, this could include educational and counselling 
sessions around reducing sedentary time or other planned physical activities that may 
replace time spent in sedentary behaviour in the community (109). 
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Figure 1.3. The Healthy Workplace Framework (109) 
The Healthy Workplace Framework emphasizes the inter-influential nature of the four 
workplace dimensions and highlights the importance of addressing these through multiple 
intervention components. Furthermore, through placing workplace ethics and values at its 
core, this framework recommends a participatory approach in the development and 
implementation of interventions. This means that ideally, staff from all levels as well as key 
stakeholders are involved in the development and implementation processes of workplace 
interventions. This is important to maximise the relevance of interventions to specific 
workplace characteristics and their workers; and, because the taking a participatory 
approach has been shown to positively impact on the use of intervention strategies over 
time (112). Finally, the Healthy Workplace Framework provides a step-by-step guideline 
for intervention implementation under consideration of these core principles. These include 
higher-level management buy-in, health behaviour assessment and prioritisation, 
intervention development, implementation and evaluation. 
As the next section will show, the number of intervention studies targeting reductions in 
workplace sedentary time is still limited. In particular, a systematic approach to reducing 
workplace sedentary time using workplace health promotion models such as the Healthy 
Workplace Framework or other guiding literature is yet to be implanted, evaluated and 
published. 
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1.6 Interventions to reduce workplace sedentary time 
It has been argued that sedentary behaviour interventions are conceptually different from 
interventions targeting changes in moderate- to vigorous-intensity physical activity 
behaviour (19). In contrast to physical activity (a behaviour targeted to increase in time-
limited and planned sessions through intervention), sedentary behaviour is much more 
ubiquitous and often determined by the constraints of the physical environment, 
particularly in the workplace (114). Further, sedentary behaviour is not likely to be 
eliminated entirely (like smoking), but rather reduced and/or regularly interrupted. 
Similar to the epidemiologic studies summarised in Section 1.3, intervention studies aiming 
to interrupt and/or reduce sedentary time in office workers have emerged from multiple 
disciplines, including occupational ergonomic research as well as the broader public health 
research disciplines. Many of the original studies originated from the ergonomic field, with 
an emphasis on regular interruptions in sitting and postural changes for avoiding 
musculoskeletal symptoms. In more recent years, there has been a rapid increase in 
evidence from the public health field, where the emphasis has been on the prevention of 
cardio-metabolic diseases. 
In 2012, I co-authored an evidence review as part of the Stand Up Australia program of 
research, which summarised interventions to reduce workplace sedentary time with the 
aim to identify best-practice strategies (115). Several of the conclusions from that review 
remain relevant today: 
a) The quantity and quality of the evidence-base in this research field is still limited, 
particularly regarding the methods used to measure sedentary time and patterns. 
b) Multi-component approaches in line with the workplace health promotion literature 
are recommended, however yet to be applied; and, 
c) Modifications of the physical work environment, in particular through provision of 
activity-permissive workstations (see Section 1.6.3 for more details), may be the 
key to achieving meaningful reductions in workplace sedentary time. 
The next three sections summarise the evidence in relation to workplace strategies aiming 
to increase interruptions in sitting and using educational approaches and/ or modifications 
to the physical work environment to reduce sedentary time.  
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1.6.1 Strategies to increase interruptions in sedentary time 
A systematic review published in 2007 summarised 15 studies that examined the impact of 
more frequent interruptions in office workers’ sedentary time on musculoskeletal 
symptoms (116). While none of the reviewed studies measured participants’ sedentary 
time (limiting the insight into the effectiveness of more frequent breaks on total or 
prolonged sedentary time), this review reported that participants’ compliance with ‘break 
schedules’ was inconsistent (116). In a more recent study, participants were provided with 
a breaks-reminder software in combination with counselling sessions about ergonomics, 
body posture and the importance of frequent breaks from sedentary time (117). Here, the 
observed outcome was a significant increase in self-reported regular sitting breaks by 
more than half. Studies emanating from the broader public health discipline have used 
computer prompts with the aim to increase the number of interruptions in workplace 
sedentary time in order to reduce the cardio-metabolic health risks described in Section 
1.3 (118-120). These have reported significant decreases in the number (118-120) and 
duration (118, 119) of prolonged sedentary bouts. However, only one of these studies 
observed a significant reduction in total workplace sedentary time (-18 minutes/ workday 
as measured via activPAL devices) (119). In light of the small number of these studies, 
further research is needed to examine the effectiveness of break schedules to increase 
interruptions in sedentary time and reduce total workplace sedentary time. 
1.6.2 Educational approaches to reducing workplace sedentary time 
Another approach to reducing workplace sedentary time has been to provide participants 
with education or awareness training about this behaviour. In one study, a group of 
overweight office workers participated in an educational session about the health risks 
associated with high sedentary time (121). These participants were also provided with a 
list of strategies to replace sedentary time with light-intensity physical activity at home, in 
the workplace, and during recreation and transport; and, they received a checklist for self-
monitoring purposes over seven days. This study reported significant reductions in 
sedentary time of 37 minutes on weekdays (i.e. not limited to work hours), as measured by 
activPAL devices (121). In another study, intervention group participants self-reported 
workplace sedentary time reductions of just over an hour per week following mindfulness 
training, coaching sessions and facilitation of lunch walks to change lifestyle behaviours in 
a group of office workers (122). However, in this study, control group participants reported 
much larger sedentary time reductions (122). The effectiveness of strategies to reduce 
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sedentary time through education or awareness training thus also requires further 
examination. 
1.6.3 Modifications of the physical work environment 
The physical work environment can be considered at a macro-level such as the entire 
work building, or a more immediate, micro-level such as arrangement and design of office 
furniture. Industry interest in the potential benefits of activity-based working has led to an 
increase in the number of buildings that are specifically designed to promote movement. 
Simultaneously, there has been an increase in collaboration between industry workplaces 
with architects/designers and public health experts, which has created opportunities for 
natural experiments examining the impact of activity-based workplaces on office workers’ 
movement patterns - including sedentary time. One such study documented the move of 
office workers from conventional office spaces (predominantly closed design without 
standing options) into a new ‘activity-permissible’ building (123). This new building was 
purpose-built for this group of office workers and included an internal glass-enclosed 
stairwell with aesthetic views, standing options in meeting rooms and other common 
areas, centralised printers and supplies, and the location of key destinations across 
different floors. Following transition, office workers’ sedentary time significantly reduced by 
20 minutes/ 8-hour workday as measured by activPAL devices (123). 
Other studies have focused on modifying office workers’ individual desk spaces through 
the provision of activity-permissive workstations. Activity-permissive workstations allow 
office workers to stand, walk, or pedal while working at their usual computer and desk-
based job tasks. Examples of activity-permissive workstations include treadmill desks, 
stepping or pedal devices that are fitted underneath the desk, and height-adjustable 
workstations (Figure 1.4). Sit-stand workstations include desks or desk mounts that are 
adjustable to full standing height. They enable office workers to conduct their desk-based 
tasks while alternating between sitting and standing and thus to change their posture 
frequently, as is recommended in occupational health & safety standards (124). 
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Figure 1.4. Activity-permissive workstations (sit-stand desks [left; www.eyoungonline.com]; 
treadmill desk [top right; www.trekdesk.com]; pedal device [bottom right]) 
A recent narrative review reported that activity-permissive workstations are a well-
accepted alternative to conventional sitting desks among office workers (125). 
Traditionally, activity-permissive workstations were acquired for the prevention of 
musculoskeletal problems, with some of the first studies having emerged in the 1980s 
(126-128). More recently, their potential to reduce workplace sedentary time for broader 
preventive health benefits has been recognised, with studies reporting reductions in 
workplace sedentary time of more than two hours per 8-hour workday following installation 
(96, 99). Furthermore, it was shown that workstations such as treadmill desks or cycle-
ergometers can lead to significant increases in energy expenditure (125). They may thus 
also constitute an opportunistic means to achieve weight loss and maintenance. 
As indicated above, coinciding with the increased scientific interest in sedentary behaviour 
interventions, there is rapidly emerging industry interest and thus translation of the 
recommendation to reduce sedentary time in the workplace. This includes an increased 
uptake of activity-permissive workstations into office-based workplaces. However, to date, 
the number of studies using activity-permissive workstations and measuring their impact 
on sedentary behaviour is limited and the effectiveness of such workstations to reduce 
sedentary time is yet to be systematically summarised. Furthermore, the impact of such 
workstations on biomarkers of cardiovascular health and on work performance indicators 
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is not well understood (99, 129-131). A systematic literature review examining the impact 
of activity-permissive workstations on office workers’ sedentary time, health-, and work-
related outcomes was thus conducted forming Study 1 of this PhD research (Chapter 2). 
In addition, while activity-permissive workstations may be an effective means to reduce 
workplace sedentary time, knowledge regarding a best-practice application of such 
workstations is limited. In particular the installation of activity-permissive workstations may 
work best in conjunction with elements additionally targeting personal health resources, 
and the psychosocial work environment as suggested by workplace health promotion 
frameworks such as the Healthy Workplace Model (109, 115). Such a multi-component 
intervention has therefore been developed as Study 2 of this PhD research (Chapter 3). 
However, in recognition of the typically extensive resource implications of such multi-
component approaches, the effectiveness of this intervention was compared to the 
installation of activity-permissive workstations alone and to a control group in a 3-arm field 
study, forming Study 3 (Chapter 4). 
1.7 Summary and research objectives 
High volumes of sedentary time have now been recognised as a population-wide health-
risk. Desk-based office workers comprise a highly sedentary occupational group in 
industrialised countries, who spend approximately 75% of their working hours sitting down. 
Health issues arising from high volumes of sedentary time such as musculoskeletal 
symptoms, overweight, and diabetes are well documented and the associated economic 
burden is likely to be high. Workplace interventions targeting reductions in sedentary time 
are an important public health initiative. However, evidence guiding their implementation 
such as a (cost-) effective alignment with workplace health promotion frameworks, is 
scarce. The aim of this PhD research is therefore to contribute to the evidence to inform 
interventions using activity-permissive workstations to reduce workplace sedentary time in 
desk-based office workers. 
The aim of this thesis research will be accomplished through three specific objectives: 
Objective 1: To conduct a systematic literature review and meta-analysis examining 
the impact of activity-permissive workstations on office workers’ sedentary time, health-
related outcomes and work performance indicators; and, summarising the evidence on the 
feasibility of such workstations in office-workplaces. 
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Objective 2: To develop a multi-component intervention based on the key elements of 
the WHO Healthy Workplace Framework to reduce office workers’ sedentary time, 
including activity-permissive workstations as well as strategies targeting personal health 
resources and the psychosocial work environment. 
Objective 3: To conduct a controlled trial evaluating the effectiveness of this multi-
component intervention to reduce office workers’ sedentary time; and, to evaluate the 
potential for dissemination. 
These PhD studies will provide evidence on the feasibility and effectiveness of a multi-
component approach to reduce workplace sedentary time in office workers, including the 
use of activity-permissive workstations. They are embedded in the broader Stand Up 
Australia program of research. The Stand Up Australia program was established in 2009 
and constitutes a research collaboration between the Baker IDI Heart & Diabetes Institute, 
The University of Queensland’s Cancer Prevention Research Centre and other university, 
government and non-government organisations in Australia. It includes both evaluation 
and intervention studies, with the aim to investigate the benefits of reducing sitting time in 
the workplace. To date, the Stand Up Australia program entails seven intervention trials, 
with the flagship study being the Stand Up Victoria study. The Stand Up Victoria study 
uses the intervention whose development was a key study of this PhD research (Study 2) 
and is described in Chapter 3. The candidate’s key role in this, with guidance from the PhD 
advisors, was the development and refinement of the intervention and associated 
materials, in particular the individual-level elements and parts of the organisational- and 
environmental-level elements. The Stand Up UQ study, which forms Study 3 of this PhD 
research and is described in detail in Chapter 4, is another study within the Stand Up 
Australia portfolio, which was fully led, implemented and evaluated by the PhD candidate. 
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CHAPTER 2. Impact of activity-permissive workstations on 
office workers’ sedentary time, health- and work-related 
outcomes 
2.1 Introduction 
Chapter 1.5.1 described the Healthy Workplace Framework (109), which broadly 
distinguishes four levels of influence on workplace health behaviour: the physical work 
environment, personal health resources, the psychosocial work environment and 
enterprise community involvement. This chapter addresses the physical work environment 
aspect of the framework (highlighted in Figure 2.1). 
The physical work environment can be addressed through broader environmental 
modifications (e.g., activity-permissive work building design, visible access to stair cases 
or provision of standing facilities in meeting rooms) as well as modifications to individual 
workspace (e.g., centralisation of printers or installation of activity-permissive 
workstations). This Chapter describes the impact of modifications to the individual 
workspace on sedentary time and reports the findings of Study 1: a systematic literature 
review of the effectiveness of activity-permissive workstations to reduce workplace 
sedentary time. 
 
Figure 2.1. Dimension of the Healthy Workplace Framework addressed in the context of 
Study 1 of this PhD research (highlighted in yellow). 
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Recently, studies have begun to examine the efficacy of activity-permissive workstations to 
reduce sedentary time and there is now considerable interest from industry workplaces 
regarding the use of such workstations within office-based workplaces. However to date, 
studies are of mixed quality and design, with outcomes ranging from cardio-metabolic 
health biomarkers to sedentary time and work performance indicators. Importantly, the 
evidence pertaining to the effectiveness and broader impact of activity-permissive 
workstations is yet to be systematically summarised. The objective of Study 1 of this PhD 
research was therefore to systematically review the current evidence on the role of activity-
permissive workstations on workplace sedentary time; their impact on health- and work-
related outcomes; and, to summarise their feasibility in office-based workplaces. 
This review was published in the peer-reviewed Journal Obesity Reviews, with a copy of 
the paper being provided in the next section. 
2.2 Impact of activity-permissive workstations on office workers’ 
sedentary behaviour, health, and work-related outcomes: a systematic 
review 
Neuhaus, M., Healy, G.N., Straker, L., Dunstan, D.W., Owen, N., Eakin, E.G. (2014). 
Reducing occupational sedentary time: a systematic review and meta-analysis of evidence 
on activity-permissive workstations. Obesity Reviews DOI 10.1111/obr.12201
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Summary
Excessive sedentary time is detrimentally linked to obesity, type 2 diabetes, car-
diovascular disease and premature mortality. Studies have been investigating the
use of activity-permissive workstations to reduce sedentary time in office workers,
a highly sedentary target group. This review systematically summarizes the
evidence for activity-permissive workstations on sedentary time, health-risk
biomarkers, work performance and feasibility indicators in office workplaces. In
July 2013, a literature search identified 38 relevant peer-reviewed publications.
Key findings were independently extracted by two researchers. The average inter-
vention effect on sedentary time was calculated via meta-analysis. In total, 984
participants across 19 field-based trials and 19 laboratory investigations were
included, with sample sizes ranging from n = 2 to 66 per study. Sedentary time,
health-risk biomarkers and work performance indicators were reported in 13, 23
and 23 studies, respectively. The pooled effect size from the meta-analysis was
−77 min of sedentary time/8-h workday (95% confidence interval = −120,
−35 min). Non-significant changes were reported for most health- and work-
related outcomes. Studies with acceptability measures reported predominantly
positive feedback. Findings suggest that activity-permissive workstations can be
effective to reduce occupational sedentary time, without compromising work
performance. Larger and longer-term randomized-controlled trials are needed to
understand the sustainability of the sedentary time reductions and their longer-
term impacts on health- and work-related outcomes.
Keywords: Active workstations, height-adjustable desks, sedentary behaviour,
workplace interventions.
obesity reviews (2014)
Introduction
High volumes of sedentary time – time spent sitting or lying
down while expending little energy (1) – are associated with
excess adiposity and other aspects of chronic disease risk,
particularly when the sedentary time is accumulated in
prolonged unbroken bouts (2–4). Much of the documenta-
tion of the detrimental health consequences of too much
‘static sitting’ originates from the field of ergonomics, with a
focus on musculoskeletal outcomes (5). More recently, the
broader public health implications of excessive sedentary
time have been examined in the context of chronic disease
risk. Here, studies have documented detrimental associa-
tionswith several indicators of poor health including obesity
(6), cardiovascular disease (7), type 2 diabetes (8), and some
cancers (9,10), and with premature mortality (11).
obesity reviews doi: 10.1111/obr.12201
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In industrialized countries, most working adults spend a
high proportion of their waking hours in the workplace
(12), in increasingly sedentary occupations (13). Using
objective measures, it has been observed that white-collar
workers sit for the majority of their work hours and often
in long, unbroken bouts (13–17). Accordingly, intervention
studies conducted from both ergonomic and public-health
perspectives have focused on reducing sedentary time in
this occupational sector. Along with rapid advances in tech-
nology, office work increasingly involves (desk-based) com-
puter work (14). Many of the studies aiming to reduce
workplace sedentary time have therefore used activity-
permissive workstations. These include treadmill desks,
stepping or pedal devices that are fitted underneath the
desk, and height-adjustable workstations, which enable
office workers to stand, walk, or pedal while working at
their usual computer- and other desk-based job tasks.
Overall, findings from both laboratory- and field-based
studies using such workstations suggest a range of positive
benefits including reductions in workplace sedentary time
(18), lower body mass index (19) and reduced musculoskel-
etal discomfort (20). A recent (narrative) literature review
concluded that workstations such as treadmill or pedal
desks have the potential to elevate office workers’ energy
expenditure by approximately 2–4 kcal min−1 (21). That
same review further reported that the use of activity-
permissive workstations is generally well accepted among
participants, with mixed impacts regarding work perfor-
mance measures. However, to date, the extant evidence has
not been systematically summarized, in particular with
regard to sedentary time, adiposity and other health-related
outcomes.
The objective of our review was thus to systematically
review the impact of activity-permissive workstations on
office workers’ sedentary time, adiposity and other health-
and work-related outcomes; and, feasibility outcomes
(acceptability to workers and potential adverse events).
Methods
Definitions
Sedentary behaviour is defined as any waking behaviour
characterized by sitting or reclining while expending little
energy (≤1.5 metabolic equivalents) (1). Given the consid-
erable variation in sedentary behaviour terminology and
the measurement methods thereof across the relevant pub-
lications, two overarching terms are used throughout this
review: ‘overall sedentary time’ and ‘workplace sedentary
time’. Overall sedentary time refers to changes across the
whole day (i.e. not just in the workplace) while ‘workplace
sedentary time’ specifically refers to sedentary time occur-
ring in the workplace. Notably, in two studies a direct
measure of sedentary time was not available (22,23). Here,
increases in activity (i.e. via the use of the workstations)
were presumed to reflect reductions in workplace sedentary
time.
The following workstations were regarded as activity-
permissive: fixed standing desks (with or without provision
of height-adjustable chairs), workstations adjustable to full
standing height, treadmill desks, cycle ergometers and
pedal devices fitted underneath the desk that can be used
while doing usual desk-based job tasks.
Inclusion and exclusion criteria
Studies were included in this review if they: evaluated
overall and/or workplace sedentary time, health-related
(e.g. weight, musculoskeletal symptoms, blood risk
markers), work-related (e.g. productivity, absenteeism) or
feasibility outcomes (e.g. acceptability, adverse events) fol-
lowing the provision of an activity-permissive workstation;
included an adult sample (aged ≥18 years); engaged in
administrative (i.e. not manufacturing, but with reliance
on engagement with a computer) tasks while using the
activity-permissive workstations; reported at least two data
collection points (i.e. baseline and follow-up); and were
published in an English-language peer-reviewed journal. As
much of the documentation from the ergonomics research
field is published in conference proceeding papers, only
relevant studies published in peer-reviewed conference pro-
ceedings papers were also included.
Search strategy
The following databases were searched on 18 July 2013:
Web of Knowledge, Medline (through PubMed), Embase,
CINAHL, SPORTDiscus, CENTRAL, Scopus, PsychInfo
and AMED. An initial search was divided into two catego-
ries, separated by the Boolean phrase ‘AND’: (i) activity-
permissive workstations (e.g. treadmills, height-adjustable
desks) and (ii) workplace settings (e.g. workplace, office).
There was no limiter on publication years. This search
resulted in a total of 1,655 peer-reviewed publications. A
second search was run to identify any papers related to
workplace sedentary time that did not mention activity-
permissive workstations specifically in the abstract and/or
title. This search contained two clusters pertaining to sed-
entary time occurring in the workplace (e.g. office sitting,
sedentary workplace) and the study design (e.g. interven-
tion, study). A summary of the search strategy is provided
in Supporting Information Table S1.
Study selection and data extraction
The study selection process is shown in Fig. 1. The search
identified a total of 4,633 publications, of which 2,707
were initially excluded for being duplicates (n = 2,309), not
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being peer-reviewed (n = 159), and for being published in a
language other than English (n = 239). This step was con-
ducted by MN. Consecutively, NR and MN independently
excluded irrelevant publications by screening titles and/or
abstracts. This resulted in n = 78 unique publications
remaining, which were screened in full text by MN and
GNH independently, with an agreement regarding inclu-
sion of 96% (calculated as studies agreed upon/studies
screened in full text). Any disagreements (n = 2) were
resolved through discussion.
Outcomes included in the review
Overall and workplace sedentary time were included as
defined earlier. If both subjective and objective measures of
sedentary time were reported, objective measures were
prioritized for the summary and meta-analysis in this
review. Similarly, reported changes in workplace sedentary
time were prioritized over overall sedentary time. Work-
place sedentary time changes reported in percentage were
standardized to an 8-h work day (if not already done so in
relevant publications). If studies included a further assess-
ment in addition to a pre- and post-intervention assess-
ment, the end-of-intervention outcomes are included in the
main summary, with additional assessment outcomes
reported separately.
Health-related outcomes
These included weight, waist circumference, blood-derived
biomarkers, musculoskeletal symptoms, fatigue and other
physiological measures reported. Given that the primary
interest was in the implementation of activity-permissive
workstations in real-world contexts, and the acknowledge-
ment of a recently published review on the impact of such
4633 publications through search
Excluded: duplicates (n = 2309)
2862 publications
Excluded: No peer-reviewed journal 
article or conference proceedings paper 
(n = 159)
2165 publications
Excluded: main text not published in 
English (n = 239)
1926 publications
Excluded: title and/or abstract screened 
 irrelevant (n = 1848)
78 publications
Excluded: full-text paper retrieved –
irrelevant (n = 52)
 No activity-permissive workstation 
used (n = 25)
 <2 data collection points of 
outcomes relevant for review (n = 14)
 Not peer-reviewed journal 
paper/conference proceeding (n = 11)
 Reporting on study already reviewed 
(n = 2)
26 relevant publications identified 
through database search
Publications added through authors’ 
databases (n = 10)
36 relevant publications
Publications added through reference 
lists in included publications (n = 2)
38 relevant publications reviewed
Figure 1 Study selection process.
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workstations on energy expenditure (21), studies exclu-
sively examining energy expenditure were not considered
for inclusion.
Work-related outcomes
Defined as work performance (e.g. concentration or pro-
duction levels), presenteeism, absenteeism or cultural–
organizational outcomes (e.g. time spent in face-to-face
interactions).
Feasibility outcomes
Includes any quantitative or qualitative employee ratings of
the acceptability of the activity-permissive workstations, as
well as reported adverse events related to their use.
Quality assessment
Study quality of the included publications was evaluated
independently by MN and GNH using a published scoring
system (24). Quality assessment was based on eight criteria
relating to the reporting of study methods (description of
recruitment, participants, allocation, measures, sample
size) and results (description of variance, confounding,
detail of results) with answer categories being ‘yes’,
‘partial’, ‘no’ and not applicable (‘N/A’). The summary
score was calculated as: total sum[(number of
‘yes’ × 2) + (number of ‘partial’ × 1)]/total possible
sum[16 − (number of ‘N/A’ × 2)], with a maximum pos-
sible total score of 1. Interrater agreement was calculated as
(proportion of quality scores given the same score by the
reviewers/all quality scores provided). Any discrepancies
between the assessors were resolved through discussion.
Meta-analysis
Studies using a controlled design and reporting overall
and/or workplace sedentary time were eligible for inclusion
in the meta-analysis. Between-group changes in sedentary
time following intervention were entered as changes in
minutes during work hours and standardized to an 8-h
work day. The DerSimonian–Laird method was used to
estimate the pooled effect of included studies (25). Statis-
tical heterogeneity was tested using Egger’s test (26). The
small number of studies included, along with high hetero-
geneity precluded investigation of publication bias. All
analyses were conducted using STATA 12 (StataCorp.
2011. Stata Statistical Software: Release 12; StataCorp LP,
College Station, TX, USA).
Results
A total of 26 relevant publications were identified by the
database search (16,18,19,22,27–48). A search of the
authors’ personal libraries and reference lists of identified
papers resulted in an additional 12 relevant publications
(n = 10 (20,23,49–56) and n = 2 (57,58), respectively).
Thus, this review included a total of 38 peer-reviewed
publications meeting the inclusion criteria, reporting on 45
independent comparisons (i.e. comparison of one or more
activity-permissive workstations with a control or usual
practice comparator). Seven publications were peer-
reviewed proceedings of conference papers (31,40,42–
44,53,55). All relevant data were extracted by GNH and
MN independently and discussed in the event of disagree-
ment. Corresponding authors of included publications
were contacted to request any relevant data not reported in
the published paper (details were followed up for four
publications).
Study and sample characteristics and range of
outcomes assessed
Table 1 provides a description of the included publications.
Studies included a total of 984 participants across the 38
studies (one study did not report sample size), with an
average sample size of 27 per study (range: 2–66). Twenty-
three studies included samples of office workers. Other
groups included ‘adults’ (not otherwise specified; n = 7),
students (n = 5), ‘university staff’ (not otherwise specified;
n = 2) and medical practitioners (n = 1).
Studies were conducted in North America (n = 23),
Europe (n = 4), Asia (n = 3) and Australia (n = 8). Eighteen
of the studies were laboratory experimental, with 20 studies
being field-based (i.e. conducted within the workplace
setting). Across the 45 independent comparisons, 17 evalu-
ated height-adjustable desks (of which 12 were fully adjust-
able desks and five were height-adjustable desk mounts for
the computer only), two evaluated standing desks with
height-adjustable chairs, eight evaluated standing desks
without height-adjustable chairs, 12 evaluated treadmill
desks, two evaluated pedal devices, two evaluated cycle
ergometers, one evaluated a stepping device, while one
study (54) evaluated both treadmills and cycle ergometers.
Of the studies evaluating height-adjustable desks, only six
(of 15) reported whether these were electric or operated via
alternative mechanisms (16,18,34,43,45,56).
In the experimental studies, the duration of the worksta-
tion exposure protocols was typically short: <1 d (range 1 h
to 2 weeks). In the field studies, the mean intervention
duration was 15 weeks (range: 1 d to 12 months). Three of
the field studies included an additional follow-up assess-
ment taken at 3 (18), 9 (37) and 12 months (38) post
baseline. Twelve field studies implemented strategies in
addition to the installation of activity-permissive worksta-
tions (e.g. instructions to stand for certain durations during
the day; provision of pedometers; and/or motivational mes-
sages to increase physical activity/reduce sedentary time)
(16,18–20,22,33,42,43,45,54,56).
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Sedentary time was reported in 13 studies (across 14 inde-
pendent comparisons). These were reported as overall
sedentary time (n = 3), workplace sedentary time (n = 6) or
both (n = 5). Health-related outcomes were reported in 23
studies. These included musculoskeletal symptoms (includ-
ing body part discomfort, muscle load, spinal shrinkage and
bone mineral density), cardio-metabolic biomarkers (weight,
body mass index, waist circumference, body composition
and blood profile), fatigue, psychological well-being (stress,
emotional well-being, mood, and nervosity), leg/foot swell-
ing and other (eye strain, headache, digestion problems,
sleep problems, physical well-being). Work-related outcomes
were reported for 23 studies. Because of overlap in the
terminology across included publications, for the purpose of
this review, most work-related outcomes were summarized
as a compound category of ‘work performance’. This
included reports of cognitive performance (e.g. selective
attention), attention control/concentration, accuracy, maths
and reading comprehension, short-term auditory verbal
memory, work pace, work performance, production levels,
typing performance, and productivity. Three other work-
related outcome categories were separately summarized as
absenteeism, presenteeism and cultural-organizational
(quality of interactions with co-workers, perceived group
interaction, and time spent in face-to-face interaction with
co-workers). Feasibility outcomes were reported for 19
studies. These included acceptability (including preference,
tolerance and enjoyment) and adverse events.
Study quality scores ranged from 0.21 to 1.0 (Table 1
and Supporting Information Table S2), with an interrater
agreement of 96%. On average, most studies provided an
adequate description of the study participants (0.84), meas-
urement methods used (0.80) and results (0.93). However,
group allocation procedures, sample size calculations and
methods to control for confounding were less well reported
and were only rated a ‘yes’ by four, eight and four studies,
respectively.
Sedentary time outcomes
Of the 14 comparisons reporting sedentary time at both
baseline and follow-up, 11 used objective methods {n = 5
ActivPAL (PAL Technologies Limited, Glasgow, UK; a
thigh-worn activity monitor that derives sedentary time
from both posture and motion) (16,18,37,56); n = 2 hip-
worn accelerometer (sedentary time derived from motion
only) (38,54); n = 1 wrist-worn accelerometer (sedentary
time derived from motion only) (33); n = 2 software linked
to workstation (22,23); and n = 1 CUELA system (Institut
fuer Arbeitesschutz der Deutschen Gesetzlichen
Unfallversicherung [IFA], Sankt Augustin, Germany; con-
sisting of seven inertial accelerometers and gyroscopes
placed on the back, arms and legs) (19)} and three used
self-report measures (n = 1 ‘Occupational Sitting and Physi-
cal Activity Questionnaire’ (34), n = 1 questionnaire about
work patterns [not further specified] (55), and n = 1 experi-
ence sampling methodology and participants’ estimates of
time spent sitting per day (45)). A significant intervention
effect for sedentary time was reported in 11/14 comparisons
with an average reduction in workplace sedentary time of
90 min per 8-h workday (range: −8 to −143 min; n = 8) and
in overall sedentary time of 111 min per day (range: −59 to
−182 min; n = 3). One study reported a reduction of work-
place sedentary time through the use of portable pedal
exercise machines on 12/20 d for 23 min each day (no
further data regarding statistical significance or average
workplace sedentary time reduction across the 20 d were
available) (22). One study, usingmanually height-adjustable
desk mounts, reported a (non-significant) reduction in
workplace sedentary time of 33 min/8-h workday (95%
confidence interval [CI] = −74, 7 min, P = 0.285) (56). One
study reported no change in workplace sedentary time fol-
lowing installation of height-adjustable (‘hot’) desks (33).
Eight independent comparisons (derived from seven
studies) were suitable for inclusion in the meta-analysis,
with all of them reporting workplace sedentary time
(16,18,19,22,45,54,56). The observed pooled effect size on
workplace sedentary time was −77 min per 8-h workday
(95% CI = −120, −35 min). Heterogeneity was high and
statistically significant (I2 = 91%, P < 0.001; Supporting
Information Figure S1).
Of the three studies including an additional assessment
of sedentary time, all reported sedentary time occurring
during work hours (18,37,38). One reported average work-
place sedentary time reductions of 143 min per workday
from baseline to 1 week (95% CI = −184, −102;
P < 0.001), and of 137 min per workday (95% CI = −179,
−95; P < 0.001) from baseline to 3 months (18). While the
other two studies reported somewhat attenuated interven-
tion effects at the additional follow-up, they also observed
statistically significant workplace sedentary time reduc-
tions. One study reported reductions of 182 min from base-
line to 3 months and of 88 min from baseline to 9 months
(37); and the other one reported −91 min from baseline to
6 months and −42 min from baseline to 12 months (38).
Adiposity and other health- and
work-related outcomes
Table 2 shows a summary of the findings for the health-
and work-related outcomes. Twenty-three studies included
measures of health across a total of 239 outcomes. For the
majority of outcomes, no significant change was observed.
Notable improvements were seen for waist circumference
and psychological well-being in 5/6 and 12/15 studies,
respectively. Worsening of outcomes was observed in two
(of 10) health-related outcome categories: musculoskeletal
outcomes and leg/foot swelling. Musculoskeletal outcomes
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worsened in 16/122 outcome reports among 6/17 studies,
of which two used standing desks without height-
adjustable chairs, three used standing desks with height-
adjustable chairs, and one used height-adjustable desks. An
increase in leg circumference was observed in one of five
leg/foot swelling outcomes, with standing desks without
height-adjustable chairs being used in this study. Twenty-
three studies reported work-related outcomes across a total
of 112 outcomes. The majority of work performance out-
comes (84/112) remained unchanged following installation
of activity-permissive workstations. Deleterious impacts
were observed in 21/99 work performance outcomes across
7/23 studies, of which six used treadmill desks and one
cycle ergometers.
Feasibility outcomes
Nineteen studies reported on the feasibility of activity-
permissive workstations in the workplace setting. Because
of the typically qualitative nature of the measures used, it
was not possible to summarize them numerically. However,
studies reported overall positive feedback from partici-
pants, with only one of 19 studies specifically reporting less
‘liking’ of standing posture when compared with sitting
(49). Three studies reported negative feedback from par-
ticipants regarding the workstation design (16,18,56).
Seven studies collected data on adverse events with one
study reporting an incident of a participant asking for
removal of the workstation for reasons of body pain (56)
and one study reporting leg discomfort in three participants
(46). One study qualitatively examined the acceptability
and usability of height-adjustable desks in the workplace as
a main outcome and reported high acceptability feedback
from participants (34). In this study, the use of activity-
permissive workstations was strongly driven by perceived
health benefits and improved productivity and suggestions
for successful implementation and continued use were
given (e.g. rearrangement of surrounding office furniture to
standing height, and use of electric rather than wind-up
mechanisms for height-adjustable desks).
Discussion
This is the first systematic literature review and meta-
analysis to collate the evidence on the impact of activity-
permissive workstations on office workers’ sedentary time,
health- and work-related outcomes, and their feasibility in
office-based settings. It builds on an earlier narrative review
that specifically focused on the potential of such worksta-
tions to increase energy expenditure, and on their use and
acceptability among office workers (21). Our findings
suggest that the installation of such workstations can lead
to substantial reductions in sedentary time without impact-
ing negatively on work-related outcomes; and that they are
acceptable to workers. As many of the findings regarding
adiposity and other health-related outcomes were based on
evidence from short-term studies with weak-to-moderate
designs and/or insufficient statistical power, the impact of
activity-permissive workstations on health-related param-
eters is at this point inconclusive and warrants further
Table 2 Summary of health and work outcomes stratified by study duration
Outcome (n) Number of studies Worsening (n) No change (n) Improvement (n)
Study duration* Short Long Short Long Short Long Short Long
Health-related
Musculoskeletal (n = 127) 13 4 16 0 56 15 32 8
Weight (n = 9) 1 5 0 0 1 6 0 2
Body mass index (n = 5) 0 4 – 0 – 4 – 1
Waist circumference (n = 6) 1 3 0 0 1 0 0 5
Body composition (n = 19) 1 3 0 0 2 16 0 1
Blood profile (n = 34) 1 4 0 0 2 23 1 8
Fatigue (n = 10) 6 3 0 0 4 1 3 2
Psychological well-being (n = 15) 3 2 0 0 2 1 7 5
Leg/foot swelling (n = 5) 2 0 1 – 2 – 2 –
Other (n = 9) 2 1 0 0 4 4 1 0
Total health-related (n = 239) 15 8 17 0 74 70 46 32
Work
Work performance (n = 99) 17 5 21 0 56 15 5 2
Absenteeism (n = 5) 1 3 0 0 1 4 0 0
Presenteeism (n = 3) 1 1 0 0 1 2 0 0
Cultural-organizational (n = 5) 1 1 0 0 1 4 0 0
Total work (n = 112) 18 5 21 0 59 25 5 2
*Study duration was defined as: short, <12 weeks; long, ≥12 weeks.
–, indicates that the outcome was not measured in any study of that particular duration.
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attention. While only three studies included an additional
assessment of workplace sedentary time (i.e. 3–12 months),
all of these studies observed sustained behaviour change
suggesting the potential for long-term benefits.
The pooled intervention effect on workplace sedentary
time of −77 min per 8-h workday across studies included in
the meta-analysis is markedly higher than what has been
observed in intervention studies without an environmental
support element (ranging from −21 min/8-h workday,
P = 0.084 (22) to −48 min/16-h waking day, P < 0.05 (22) )
(59–61). Furthermore, the intervention effect seen in this
review may be clinically relevant, with a recent meta-
analysis reporting that the risk of all-cause mortality
increased by 5% for each 1-h increment in daily sitting time
per day for adults who sit 7 h or more per day (11).
However, our findings should be interpreted with caution,
given the methodological quality and sample size issues in
many of the studies included in this review.
Strikingly few detrimental effects on health-related out-
comes were reported across included studies and only in
those with a short duration (i.e. <12 weeks), suggesting that
the use of activity-permissive workstations is unlikely to
cause harm in the workplace. However, as few of the
studies included were sufficiently powered to detect
changes in health-related outcomes (16), this finding should
be interpreted with caution. Predominantly positive find-
ings were observed on psychological well-being and waist
circumference. The positive impact on psychological well-
being is consistent with findings from epidemiological
studies showing an association of sedentary time with
lowered mood and depression (62,63). Whether this is
mediated through increased perceived behavioural control
(i.e. self-control in relation to work posture without being
constrained to the chair) as suggested by occupational
health psychology literature (64), remains to be examined.
The reduction in waist circumference observed across
several studies is consistent with epidemiological findings
showing beneficial associations of breaks in sedentary time
(i.e. regular postural transitions) with waist circumference
(65), and may be the result of higher skeletal muscle acti-
vation of the postural muscles through more frequent pos-
tural changes and higher volumes of standing time (66–68).
However, the evidence is still limited, and more studies are
needed to confirm these results. Worsening of health-
related outcomes was only observed in two of 10 categories
(musculoskeletal symptoms and leg swelling). Notably,
increases in musculoskeletal symptoms were predomi-
nantly observed in studies using standing (i.e. not height-
adjustable) desks. While the amount of standing time (as
well as the pattern of time spent sitting, standing and
moving throughout the working day) may be an important
predictor of these or other adverse health outcomes
(69,70), none of the studies included in this review reported
such information in detail. Furthermore, while provision of
standing desks without access to a seated workstation
enables office workers to decrease their workplace
sedentary time, it is likely to result in increased discomfort
as a result of the absence of postural variety opportunities
(71,72). Standing-only workstations also do not conform
to ergonomic recommendations encouraging postural
variety through regular and frequent postural changes
(14,73). Overall, to fully understand the impact of activity-
permissive workstations and associated sedentary time
reductions on health-related outcomes, larger-scale
randomized-controlled trials are needed (74).
Intervention effects were also statistically non-significant
for the majority of work-related outcomes. However, our
review findings suggest that the use of treadmill desks or
cycle ergometers during work time may lead to some
decreases in work performance. Of the 112 work-related
outcomes that were measured, 21 worsened. Of these,
16 were reported in studies using treadmill desks
(36,41,46,48,51), with the other five reported in studies
using cycle ergometers (46,53). A recent study suggested that
a certain acclimatization period may be necessary for the
improvement of work performance parameters when such
activity-permissive workstations are used (75). Notably, the
studies reporting worsening of work-related outcomes were
all of acute duration of either one (41,46,51,53) or two days
(36,48). Future studies using a longer-term follow-up should
examine if a longer acclimatization period will lead to an
offset of these negative impacts.
Half of the studies included in our review assessed at
least some aspect regarding the feasibility of the implemen-
tation of activity-permissive workstations in office-based
workplaces, with predominantly positive feedback from
participants reported. However, some studies identified
some negative feedback from participants on aspects of
workstation design, suggesting that a range of workstation
models should be considered and tailored to individual
needs and work tasks. In relation to this, it is notable that
only a minority of included publications reported on the
mechanisms (i.e. electric vs. non-electric) of the height-
adjustable workstations used, or the time it takes to adjust
their height.
Longer-term maintenance of health behaviour change
has been challenging in the context of other prevalent
health-risk behaviours such as physical activity and diet
and still not consistently measured and reported (76). In
this review, we identified only three studies in which an
additional assessment of workplace sedentary time was
included, beyond an initial intervention period. Extended
follow-up (i.e. >1 year) in future studies will further enable
evaluation of the impact of activity-permissive worksta-
tions on longer-term outcomes such as cardio-metabolic
disorders and productivity (including absenteeism and
presenteeism), some of which are outcomes particularly
relevant for informing the business case for their use.
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The main strengths of this review include the extensive
and cross-disciplinary literature search; the systematic
summary of sedentary, health-related, work-related and
feasibility outcomes across several hundred outcome meas-
ures; and the meta-analysis of sedentary time outcomes.
However, when interpreting the results, the following limi-
tations should be considered. (i) Non-English publications
were excluded from review, the search was limited to peer-
reviewed publications. (ii) Twelve of 38 included publica-
tions were identified through the authors’ libraries and
cross-references rather than the database search. This speaks
to the multidisciplinary nature of the field and of the diverse
and inconsistent use of terminology. While an extensive
search strategy was applied to address this challenge, other
relevant studies may have been missed. (iii) Some relevant
evidence is likely to exist in the grey literature (e.g. business
reports (77) ), and while not peer-reviewed, such evidence
could provide further useful insights particularly into work-
related and feasibility outcomes. (iv) As most work-related
outcomes were summarized as a compound category of
‘work performance’, potential differences between aggre-
gated outcomes may have been missed. (v) While four
studies received the maximum quality score, the list of
quality scoring categories was not comprehensive and items
such as duration of follow-up and generalizability of the
study results were not explicitly scored. (vi) As per inclusion
criterion, all participants of included studies had to be
engaged in administrative (i.e. not manufacturing, but with
reliance on engagement with a computer) tasks while using
the activity-permissive workstations. However, the work
tasks performed may have slightly differed between
laboratory-based studies (e.g. fine-motor skills test) and field
studies (i.e. ‘typical’ administrative tasks), which may have
influenced sedentary time as well as other outcomes. (vii)
Finally, as most work-related outcomes were summarized as
a compound category of ‘work performance’, potential
differences between aggregated outcomes may have been
missed.
Based on the findings from this review, the following
recommendations are provided for future studies. (i) In
relation to the second limitation mentioned earlier, the use
of common terminology for the reporting of outcomes is
needed to facilitate comparability of future studies. (ii)
Most studies including sedentary time measures reported
on reductions in total sedentary time only. However, the
pattern through which sedentary time is accrued through-
out the day (i.e. through multiple smaller bouts and fre-
quent posture changes) is also important for health-related
outcomes (4,78) and should be reported in future studies.
(iii) Larger-scale randomized-controlled trials with long-
term follow-up (≥1 year) assessments are needed to fully
understand potential long-term impacts of activity-
permissive workstations and related reductions in seden-
tary time on health- and work-related outcomes. (iv)
Finally, a number of different workstation types were
included in this review, with models varying in both func-
tionality and cost. Considering that the incorporation of
activity-permissive workstations is likely to depend on both
office design and work tasks undertaken, it is important for
future studies to describe details on the make, model, target
population and typical work tasks conducted during work-
station use.
Conclusion
The installation of activity-permissive workstations in
office-based workplaces is likely to be a feasible and accept-
able means to reduce office workers’ sedentary time, with
mostly neutral or positive impacts on adiposity and other
health- and work-related outcomes. Further intervention
trials are required, particularly with more rigorously con-
trolled study designs, adequate statistical power and
longer-term follow-ups to identify impacts on health-
related outcomes as well as long-term maintenance of sed-
entary time reductions.
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Supplementary Figure. Forest plot of workplace sedentary time reductions reported by studies included in the meta-analysis
* Pooled effect size = -77 minutes per 8-hour workday (95% CI= -120, -35 minutes; dotted line); weights are from random effects analyses
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Supplementary Table 1. Search strategy 
SEARCH I SEARCH II 
Activity-permissive workstations Workplace Workplace SB Intervention 
"pedal device*"  OR "pedal 
machine*"  OR "stepping device*"  
OR "stepping machine*" OR "pedal 
exercise machine*" OR treadmill* OR 
"activity permissive" OR activity-
permissive OR "height adjustable" OR 
height-adjustable OR "standing 
desk*" OR "standing hot desk*" OR 
"active workstation*" OR "standing 
workstation*" OR "walking 
workstation*" OR sit-to-stand OR sit-
stand OR "sit to stand" OR "sit stand" 
OR "walk and work" 
Workplace* 
OR worksite* 
OR company 
OR companies 
OR office* OR 
worker* OR 
employee* OR 
"call cent*" 
OR job OR 
jobs 
 "workplace standing" OR "workplace sitting" OR 
"office standing" OR "office sitting" OR "sedentary 
office*" OR "sedentary workplace*" OR "occupational 
sitting" OR "work posture" OR "work sitting" OR 
"sitting at work" OR “VDU work*” OR "VDT work*" 
OR "VDU user"  OR "VDU users" OR "VDT user" OR 
"VDT users" OR "VDT office*" OR "VDU office*" OR 
"VDT operator*" OR "VDU operator*" OR “video 
display unit work*” OR "video display terminal work*" 
OR "video display unit user" OR "video display unit 
users" OR "video display terminal user" OR "video 
display terminal users" OR "video display terminal 
office*" OR "video display unit office*" OR "video 
display terminal operator*" OR "video display unit 
operator*" OR “visual display unit work*” OR "visual 
display terminal work*" OR "visual display unit user"  
OR "visual display unit users" OR "visual display 
terminal user" OR "visual display terminal users" OR 
"visual display terminal office*" OR "visual display unit 
office*" OR "visual display terminal operator*" OR 
"visual display unit operator*" OR "computer terminal 
user*" OR "computer terminal work*" 
Intervention*  
OR program* 
OR trial*  OR 
study  OR 
studies  OR 
RCT  OR 
random* 
 
Supplementary Table 2. Quality scores of included publications. 
Study Recruit. Participants Allocation Measure Sample size Variance Confounding Results TOTAL  
Aaras, 1997 1 2 1 2 1 2 N/A 2 0.79 
Alderman, 2013 2 2 1 2 1 2 N/A 2 0.86 
Alkhajah, 2012 2 2 N/A 2 2 2 2 2 1.00 
Beers, 2008 1 2 1 2 1 2 N/A 1 0.83 
Carr, 2011 2 2 N/A 1 2 2 N/A 1 0.83 
Carr, 2013 2 2 2 2 2 2 2 2 1.00 
Chester, 2001 1 2 1 1 1 0 N/A 2 0.57 
Cox, 2011 1 1 1 2 1 2 0 2 0.63 
Davis, 2009 2 1 1 1 1 1 N/A 2 0.64 
Ebara, 2008 2 2 1 1 2 2 N/A 2 0.86 
Edelson, 1989 2 2 1 2 0 0 N/A 2 0.64 
Ellegast, 2012 1 1 1 2 1 1 0 2 0.56 
Fidler, 2008 1 2 N/A 2 1 1 N/A 2 0.75 
Funk, 2012 1 2 1 2 1 2 N/A 2 0.79 
Gilson, 2012 2 2 N/A 2 0 2 N/A 2 0.83 
Grunseit, 2013 2 2 N/A 1 1 2 N/A 2 0.83 
Hasegawa, 2001 0 1 0 1 1 0 0 2 0.31 
Healy, 2013 2 2 N/A 2 2 2 2 2 1.00 
Hedge, 2004 1 2 1 1 1 0 0 2 0.50 
Husemann, 2009 1 1 1 2 1 2 1 2 0.69 
John, 2009 1 2 1 2 1 2 N/A 2 0.79 
John, 2011 2 2 N/A 2 1 2 0 2 0.79 
Koepp, 2013 2 2 N/A 2 1 2 0 2 0.79 
Koren, 2013 1 2 N/A 1 1 2 N/A 1 0.67 
McAlpine, 2007 1 2 N/A 1 1 2 N/A 2 0.75 
Nerhood, 1994 1 0 N/A 1 0 0 0 1 0.21 
Neuhaus, 2014 2 2 2 2 2 2 2 2 1.00 
Ohlinger, 2011 1 2 N/A 2 1 2 N/A 2 0.83 
Parry, 2013 2 2 2 1 2 2 1 2 0.88 
Paul, 1995a 1 2 N/A 0 1 0 N/A 1 0.42 
Paul, 1995b 1 2 0 2 1 1 N/A 2 0.64 
Paul, 1995 1 1 0 2 1 1 0 2 0.50 
Pronk, 2012 2 2 1 2 1 0 0 2 0.63 
Roelofs, 2002 2 2 1 1 1 2 N/A 2 0.79 
Seo, 1996 1 2 N/A 1 1 2 N/A 2 0.75 
Straker, 2009 2 2 2 2 1 2 N/A 2 0.93 
Thompson, 2011 2 0 1 2 2 0 N/A 2 0.64 
Thompson, 2007 2 0 N/A 2 1 1 N/A 2 0.67 
TOTAL 0.74 0.84 0.55 0.80 0.57 0.71 0.33 0.93  
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2.3 Discussion 
Overall, the findings from this systematic review support the effectiveness of activity-
permissive workstations to reduce workplace sedentary time. However, the way in which 
the workstations were implemented across studies varied considerably. For example, 
some studies addressed the physical work environment only (via installation of 
workstations (96, 132, 133)), while others additionally addressed personal health 
resources (e.g., via education on the benefits of reducing sedentary time (134)) or the 
psychosocial work environment (e.g., via public promotion of incidental office activity 
(135)). Notably, only a few of the studies addressed the multiple dimensions suggested by 
the Healthy Workplace Framework (109) and other workplace health promotion literature 
(111, 112). From a practical perspective, the extant evidence provides limited guidance to 
the most feasible and appropriate approaches to using activity-permissive workstations to 
reduce workplace sedentary time. 
The next two chapters address this gap in practice-focussed evidence. Chapter 3 (Study 
2) describes the systematic development of an evidence-based multi-component 
intervention to reduce workplace sedentary time which included activity-permissive 
workstations and strategies targeting personal health resources and the psychosocial work 
environment. Chapter 4 (Study 3) involves a comparison of the effectiveness of this multi-
component intervention to an intervention comprising installation of activity-permissive 
workstations only, in a 3-arm trial.
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CHAPTER 3. Development of a multi-component intervention 
to reduce workplace sedentary time 
3.1 Introduction 
The systematic literature review presented as Study 1 of this PhD research supported the 
effectiveness of activity-permissive workstations to reduce workplace sedentary time. 
However, this review also identified few commonalities in the manner in which such 
workstations were implemented across studies. In particular, only a few studies addressed 
the multiple levels of influence on workplace health behaviour. Study 2 of this PhD 
research therefore consisted of the evidence-guided and systematic development of Stand 
Up Australia - a multi-component workplace intervention to reduce sedentary time in office 
workers. This intervention includes strategies targeting three of the four broader 
dimensions of the Healthy Workplace Framework (109): 1) the physical work environment 
(through installation of height-adjustable workstations); 2) office workers’ personal health 
resources (e.g. through individual face-to-face coaching); and, 3) the psychosocial work 
environment (e.g. through management consultations and training of workplace 
champions; Figure 3.1). 
 
Figure 3.1. Dimensions of the Healthy Workplace Framework addressed in the context of 
Study 2 of this PhD research (highlighted in yellow). 
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Across these dimensions, the Stand Up Australia intervention incorporates strategies to 
facilitate behaviour change in line with its three key messages: Stand Up, Sit Less, and 
Move More. Stand Up is a prompt to break-up long, unbroken bouts of sitting of 30 
minutes or more. The aim of Sit Less is to reduce total workplace sitting time through 
substituting some sitting with standing (primarily through the use of the sit-stand 
workstation supplied as part of the intervention). And, Move More aims to increase 
incidental (light-intensity) movement throughout the working day. As the next section will 
describe in more detail, these messages were derived from a combination of the current 
guidelines on sedentary behaviour, recommendations from the occupational ergonomic 
literature and results from recent laboratory studies examining different patterns of activity 
and sedentary behaviour. 
3.2 Guidelines used to inform intervention messages 
Physical activity guidelines around the globe increasingly recognise high volumes of 
sedentary time as a health risk factor and include advice to reduce sedentary time. For 
example, the American College of Sports Medicine’s Guidelines on Exercise for Health 
Professionals advise that “Reducing total time spent in sedentary pursuits and 
interspersing short bouts of physical activity and standing between periods of sedentary 
activity should be a goal for all adults, irrespective of their exercise habits” (8). Guidelines 
from the Department of Health in the UK recommend that “All adults should minimise the 
amount of time spent being sedentary (sitting) for extended periods” (136). And, following 
the release of strategies to “Sitting less for adults” by the Australian National Heart 
Foundation in 2011 (137), the Australian National Physical Activity and Sedentary 
Behaviour Guidelines now also advise to “minimise the amount of time spent in prolonged 
sitting” and to “break up long periods of sitting as often as possible” (138). This uptake of 
the epidemiological evidence on the detrimental health impacts of excessive sitting into 
public health guidelines is an inevitable basis for the dissemination of public health efforts 
to reduce sedentary time. However, the vagueness of these recommendations to date is 
evident, limiting their practicality for use in intervention studies such as the Stand Up 
Australia intervention, where messages pointing to specific behavioural goals can be 
crucial for intervention success (22). The following additional guidelines from other 
disciplines were therefore used to inform the development of the key messages of the 
Stand Up Australia intervention. 
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As described in Chapter 1 of this thesis, the occupational ergonomic research discipline 
advocates to reduce episodes of prolonged static sitting to avoid musculoskeletal 
symptoms. The ergonomic literature thus suggests to break up prolonged sitting at least 
once every 20-30 minutes (139, 140). Simultaneously, it is emphasized in this literature 
that prolonged standing may be accompanied with health impairments such as leg and 
foot swelling (141, 142) or varicose veins (143, 144). Accordingly, another ergonomic 
recommendation is to adopt a variety of postures with regular postural changes between 
sitting, standing and moving (145). These ergonomic guidelines are supported by some 
recently published laboratory studies, in which regular breaks in sedentary time every 20 
minutes (64) or 30 minutes (65, 74) with either light- to moderate-intensity physical activity 
had cardiovascular benefits such as lower insulin and blood glucose levels (see Section 
1.3.1). Together, this evidence informed the first Stand Up Australia intervention message 
to Stand Up at least every 30 minutes. The message Sit Less was based on the 
substantial epidemiological evidence showing that high volumes are associated with 
numerous detrimental health impacts and premature mortality (see Section 1.3). And, 
Move More was based on evidence showing that light-intensity physical activity can play a 
significant role in daily energy expenditure and is thus an important contributor to overall 
health (146). 
Results of Study 2 were published as a peer-reviewed paper in the International Journal of 
Behavioral Nutrition and Physical Activity, detailing the development of the Stand Up 
Australia intervention (Section 3.3). In this paper, a number of frameworks were used to 
inform intervention development, including but not limited to, the key dimensions of the 
Healthy Workplace Framework (109). Accordingly, the terminology used in the paper 
deviates as follows: strategies addressing the ‘physical work environment’ were referred to 
as ‘environmental’ intervention strategies; strategies addressing ‘personal health 
resources’ were referred to as ‘individual’ intervention strategies; and, strategies targeting 
the ‘psychosocial work environment’ were referred to as ‘organisational’ intervention 
strategies. 
Interview protocols and summaries of both the pilot study examining the efficacy and 
feasibility of the Stand Up Australia intervention as well as of the workstation pilot study 
are provided in Appendix A. A comprehensive compilation of the Stand Up Australia 
intervention materials is supplied in Appendix B (see Section 4.1). 
  
CHAPTER 3 
48 
 
3.3 Iterative development of Stand Up Australia: a multi-component 
intervention to reduce workplace sitting 
Neuhaus, M., Healy, G.N., Fjeldsoe, B.S., Lawler, S., Owen, N., Dunstan, D.W., 
LaMontagne, A.D., Eakin, E.G. (2014). Iterative development of Stand Up Australia: a 
multi-component intervention to reduce workplace sitting. International Journal of 
Behavioral Nutrition and Physical Activity 11:21.
METHODOLOGY Open Access
Iterative development of Stand Up Australia: a
multi-component intervention to reduce
workplace sitting
Maike Neuhaus1*, Genevieve N Healy1,2, Brianna S Fjeldsoe1, Sheleigh Lawler1, Neville Owen1,2,3,4,
David W Dunstan1,2,5,6, Anthony D LaMontagne4 and Elizabeth G Eakin1,2
Abstract
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Background
Sedentary behaviour – sitting or lying down while
expending little energy [1] - is a newly identified health
risk behaviour that is detrimentally associated with sev-
eral health outcomes, including cardiovascular disease
and premature mortality [2-4]. Emerging evidence sug-
gests that both total sitting time and prolonged individ-
ual bouts thereof are linked to chronic diseases [5,6].
Further, sedentary behaviour is ubiquitous with adults
spending more than half of their waking hours sitting
down while watching television, travelling in cars, or
working [7,8]. Thus, interventions aiming to reduce sit-
ting time in adults have been identified as an important
public health initiative [9].
An opportunistic, high-reach setting for sedentary be-
haviour intervention is the office-based workplace [10].
Office workers constitute one of the largest occupational
groups in industrialised countries such as the US [11],
who spend approximately half of their waking hours at
work [12]. Importantly, recent studies have shown that
they sit for an average of six hours during an eight-hour
workday, with this sitting time often accumulated
through prolonged unbroken bouts of 30 minutes or
more [13-16]. Emerging evidence suggests that targeting
workplace sitting through strategies such as modifying
the physical work environment [13,17-20], the provision
of education sessions and behaviour change advice
[16,21,22], or a combination of these strategies [23,24],
can be effective. However, information on the develop-
ment processes of these interventions, such as behaviour
change models used and the operationalisation of con-
structs into intervention messages is limited.
Detailed reporting of intervention development and con-
tent is vital to advance intervention research and interven-
tion effectiveness in public health [25]. This should
include the theoretical model, targeted context, and forma-
tive research and evaluation methods used [10,26-28].
While this type of work is increasingly being published
across a number of disciplines including physical activity
[29], nutrition [30], chronic disease management [31], and
smoking cessation [32] interventions, to the best of our
knowledge, no publications have described the develop-
ment of an intervention to reduce workplace sitting time
in adults.
The purpose of this paper is to systematically describe
the evidence-based iterative development of the Stand
Up Australia intervention whose primary aim is to re-
duce workplace sitting time in office workers. The in-
creasing number of sedentary behaviour publications in
both the scientific and popular press over the past dec-
ade has led to a demand from office-based workplace
settings for assistance with reducing employee sitting.
Such requests provided the opportunity for collaborative
development of the Stand Up Australia intervention,
particularly through the formative research phases de-
scribed below. In accordance with the workplace health
promotion literature [33,34] and ecological models of
sedentary behaviour [35], Stand Up Australia considers
the multiple influences on workplace sitting and ad-
dresses them via a multi-component approach including
behaviour change strategies at the organisational/man-
agerial, environmental, and individual level. The following
intervention development description aims to provide a
resource for researchers and public health practitioners
with a level of detail beyond the restriction of a conven-
tional intervention methods paper.
Methods
Identification of an intervention development framework
The systematic development of the Stand Up Australia
intervention was guided by an intervention development
framework. A number of frameworks informed the
broader intervention development principles, including
the PRECEDE-PROCEED model [36] and the Interven-
tion Mapping approach [37]. Given the specific (work-
place) context, a workplace health promotion framework
was chosen as the core approach [34], with elements of
two other frameworks [38,39] used to complement this
method. This included the following key elements: a
phased and iterative approach in the development of the
intervention [38]; the use of quantitative and qualitative
evaluation methods to inform the intervention content
[38]; formative research with the target group [39]; and,
integration of interrelated dynamics of intra-individual, so-
cial, organisational, political, and economic factors within
the workplace context [34]. The development of the Stand
Up Australia intervention involved three phases: 1) Con-
ceptualisation (literature review and theoretical ground-
ing); 2) Formative research (with the target audience); and,
3) Pilot testing of the efficacy, acceptability and feasibility
of the integrated multiple components relative to a control
group. More specifically, the additional value of the organ-
isational and individual intervention components over an
environment (height-adjustable workstations)-only inter-
vention was examined in a three-arm trial. The pilot stud-
ies included objective measurement of office workers’
sitting time, as well as quantitative and qualitative data
collection from managers and staff.
Intervention development across 3 phases
Phase 1: conceptualisation
Stand Up Australia was based on social cognitive theory,
which emphasizes the key constructs of self-efficacy, out-
come expectancies (physical, social, and self-evaluative),
and socio-structural factors (facilitators and impediments)
[40]. Evidence on social-cognitive determinants as pre-
dictors of sedentary behaviour is still limited [35,41].
However, social cognitive theory has been widely and
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successfully used in physical activity intervention stud-
ies [42]. The operationalisation of theoretical constructs
into intervention strategies was guided by an interven-
tion taxonomy [26,43].
Furthermore, Stand Up Australia was conceptualised
as a multi-component approach to the workplace. Social
ecological models of sedentary behaviour emphasize the
importance of considering the multiple interrelated in-
fluences on individual behaviour. These include the policy
environment, the physical and psychosocial environment,
and intrapersonal factors [35]. Similarly, best-practice
workplace health promotion frameworks identify these in-
fluences as key factors for behaviour change strategies in
the workplace setting [34,44,45]. In accordance with these
models and frameworks, this approach included strategies
designed to address organisational structures and the of-
fice environment, as well as individuals. By targeting these
multiple levels, the aim was to not only raise awareness of
sitting behaviours in the workplace, but also to facilitate
habitual change via addressing the environment and the
workplace culture. Furthermore, key elements in work-
place health promotion as identified by the World Health
Organization [44] were applied to this sedentary behav-
iour intervention context as shown in Table 1.
Finally, based on evidence from successful intervention
trials on workplace physical activity (the behaviour clos-
est to the one of interest) Stand Up Australia is ideally
delivered over the course of at least three months [46].
Conceptualisation of organisational-level strategies
Effective workplace health promotion interventions ad-
dress organisational structures and group dynamics through
a participative approach and visible management support
[33,45]. A participatory approach directly involves staff
from all levels (in contrast to a top-down approach) in the
identification of well-suited behaviour change strategies and
barrier identification. This makes the intervention
context-sensitive and appropriate, and thus likely to be
implemented and sustained. Within Stand Up Australia,
this participative approach was implemented through its
iterative design including formative research, brainstorm-
ing sessions and qualitative feedback interviews. This in-
volved all levels of staff including occupational health and
safety (OHS) personnel, workplace safety advisors, and
corporate ergonomists (depending on the size of the tar-
geted workplace, this includes senior- and middle man-
agers, as well as team leaders/team champions).
The implementation of Stand Up Australia began with
initial contact with senior managers within the organisa-
tion to elicit support for the study. Further strategies in-
cluded a representatives consultation workshop and a
sedentary behaviour information and brainstorming ses-
sion for staff, with an accompanying electronic informa-
tion booklet. During the representatives consultation
workshop team champions were selected. They played a
crucial part in the identification of behaviour-change op-
portunities suited to their workplace and in delivering one
of the organisational intervention components (sending
management emails in support of the study to participat-
ing staff ).
Conceptualisation of environmental-level strategies
Activity-permissive workstations allow office workers
to stand, walk, or pedal while working at their usual
computer and desk-based job tasks. Examples of activity-
permissive workstations include treadmill desks, stepping
or pedal devices that are fitted underneath the desk, and
height-adjustable workstations. Height-adjustable worksta-
tions enable office workers to complete their desk-based
and/or computer tasks while alternating between sitting
and standing without significant disruption of work prac-
tices. Traditionally acquired for the prevention of muscu-
loskeletal problems [47,48], their potential to reduce
sitting time for broader preventive-health benefits is in-
creasingly being recognised [10].
Throughout all Stand Up Australia study development
and implementation phases, manually height-adjustable
workstations of the type WorkFit-S (manufactured and pro-
vided by Ergotron; www.ergotron.com) were used. These
workstations were chosen as they enabled a ‘retro-fit’ to
existing office furniture. They were also less expensive than
fully height-adjustable desks. Other environmental-based
strategies (e.g. centralisation of printers or in-office waste
bins) could be identified in the brainstorming sessions, but
the primary focus of this strategy was the use of the height-
adjustable workstations.
Conceptualisation of individual-level strategies In
line with evidence from successful health intervention
programs [49], individual-level intervention strategies
were mainly delivered through a face-to-face coaching
session with follow-up support telephone calls using a
motivational interviewing approach [50]. The face-to-
face session followed a script which is very detailed but
allowed the consultant to tailor the coaching to the needs
of the individual. While there is no firm evidence for an
ideal amount of telephone-delivered intervention contact,
a recent review suggests that a higher number of tele-
phone contacts is associated with better health behaviour
outcomes [51]. In the case of Stand Up Australia, where
there was an intervention period of three months, four
calls were considered to provide an appropriate balance of
participant support and time involvement for both partici-
pants and researchers.
Intervention messages Stand Up Australia targeted
three key intervention messages in line with the evi-
dence pertaining to sedentary behaviour and associated
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health impacts: Stand Up, Sit Less, Move More. Stand
Up was a prompt to break-up long, unbroken bouts of
sitting of 30 minutes or more. This suggestion was based
on both epidemiological and laboratory-based evidence
which has reported the cardio-metabolic benefits of
regularly interrupting sedentary time [5,6]. Furthermore,
this target is in line with the ergonomic literature
[52,53], and could be practically implemented into office
work routines. The message Sit Less aimed to reduce
total workplace sitting time through substituting some
sitting with standing (primarily at the new workstation)
and/or moving, with the intent that the reductions in
workplace sitting be substantial enough to reduce the
health risks associated with high daily sitting time. Finally,
the principle of Move More was to increase movement
throughout the working day. The primary emphasis of this
message was on the use of practical strategies (e.g. taking
the stairs instead of the lift) to increase incidental physical
activity – a key component of daily energy expenditure
[54] - throughout the workday.
Table 2 illustrates how these conceptual elements were
linked with specific behaviour change strategies related to
the key intervention messages of Stand Up, Sit Less, and
Move More across the three workplace levels (organisa-
tional, environmental, individual). This table shows the
first iteration of the Stand Up Australia intervention. This
version of the intervention was used in the formative work
with the target audience.
Phase 2: formative research
The second phase included pilot testing of intervention
components at all intervention target levels. This oc-
curred across multiple studies and settings comprising
the Stand Up Australia program of research.
At the organisational level, a consultation session was
arranged between senior study investigators and the
management of a medium-sized organisation interested
in workplace health promotion [24]. This consultation
identified this first session as key for gaining manage-
ment ‘buy-in’, as well as for the identification of
Table 1 Application of “Five Keys to Healthy Workplaces” (World Health Organization) to the Stand Up Australia
Intervention
Keys Application to Stand Up Australia Intervention
1) Leadership commitment and engagement - Senior management consultation (gaining leadership commitment, necessary
permissions, resources, and support);
- Representatives consultation workshop (mobilising and gaining commitment from
major stakeholders including union representatives and OHS staff)
- Manager emails (demonstrating continuous management support)
2) Involve workers and their representatives - Representatives consultation workshop
- Team champions
- Staff information and brainstorming session
- Individual coaching session and telephone support calls
3) Business ethics and legality - Development of key messages, instructions, and workstation introduction in
collaboration with ergonomists and OHS experts
- Senior management consultation (aligning study principles with workplace policies)
- Representatives consultation workshop (involvement of OHS staff)
4) Use a systematic, comprehensive process to ensure
effectiveness and continual improvement
- Representatives consultation workshop (involving team of multidisciplinary experts)
- Staff information and brainstorming session (including elaboration of organisational
priorities)
- Pre- and post-intervention assessment of workplace sedentary behaviour in line with
key intervention messages
- Feedback of study results to individuals and the organisation including consultation
about future strategies and policy changes
- Iterative development with continuous improvement of intervention components
5) Sustainability and integration - Representatives consultation workshop (reducing isolation of work groups, and
mobilisation of team champions)
- Staff information and brainstorming session
- Assessment of intervention acceptance, feasibility and fidelity
- Assessment of sedentary behaviour change maintenance
- Feedback of study results to individuals and the organisation including consultation
about future strategies and policy changes
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organisational processes and structures important to study
implementation (e.g. policies around workplace activity).
At the environmental level, a preliminary study was
conducted testing the efficacy, acceptability, and feasibil-
ity of height-adjustable workstations in office workers
(Intervention, n = 18; Comparison, n = 14; 94% and 86%
women in the intervention and control group, respect-
ively; 20-65 years) between February and June 2011. In
this study, and in all other studies forming part of Stand
Up Australia, evaluation of changes in workplace sitting
time was assessed by the activPAL3 activity monitor
(PAL Technologies Limited, Glasgow, UK). Detailed
methods and results of this preliminary study are pub-
lished elsewhere [13]. In brief, relative to the comparison
group, intervention participants reduced their daily
workplace sitting time by an average of 143 minutes per
eight-hour day at the workplace following the installa-
tion of the workstations (95% CI = -184, -102; p < 0.001),
without compromising work-performance. Acceptability
of the workstations was high (94% stated that it was en-
joyable and easy to use). However, generalisability of
these findings was limited due to the intervention sam-
ple consisting of a group of public health researchers
working in the area of sedentary behaviour research.
Furthermore, these findings were limited to closed-plan
office designs.
Addressing these limitations, another pilot study was
conducted to test the acceptability of the height-adjustable
workstations utilised in Stand Up Australia in open-plan
offices (ethical approval granted by The University of
Queensland’s School of Population Health Research Ethics
Committee on 4th August 2011; #MN 010811). A conveni-
ence sample of five desk-based employees (three women;
20-65 years) was recruited from administrative personnel
from a university in Brisbane (Australia) to trial the work-
stations for two weeks. Following the trial period, all par-
ticipants (‘workstation group’), as well as another seven
employees (‘peer group’; six women; 20-65 years), who
shared the same open-plan office and sat nearby the in-
stalled workstations, underwent a brief (five-minute) feed-
back interview on their experience. The interview was
semi-structured, audio-recorded, and transcribed.
Table 2 Map of Stand Up, Sit Less, and Move More intervention strategies across intervention target levels
Stand Up Sit Less Move More
Principle Breaking up prolonged periods
of sitting
Reducing overall sitting time Increasing energy expenditure
Key
message
Stand up at least every 30
minutes
Reduce daily sitting time Take every opportunity to be more active
Organization Focus:
- Changing social norms (reinforcement & role modeling)
Strategies:
- Gain organisational/upper management support through consultation
- Identify site representatives as role models and spokespersons for employees
- Representatives to reinforce Ix messages (e.g. emails sent from them not research staff, articles in site newsletters)
- Establish new workplace policies & practices (e.g. standing meetings, no emails within organisational units- face visits instead, move
waste bins, printers, supplies; tailored to each site)
Environment Focus:
- Prompts/Behavioral cues - Use of height-adjustable workstations - Increasing awareness
Strategies:
- Prompts at desk
(e.g. postcards, stickers)
- Installation of height-adjustable
workstations
- Environmental changes to encourage movement
(e.g. signs at lifts prompting use of stairs, centrally
located printers & bins; tailored to each site)
- Timer as visual cue to stand
Individual Focus:
- Prompts/Behavioral cues - Goal setting for use of workstations - Increasing awareness
Strategies:
- Education on breaks in sitting
& health
- Education on prolonged sitting
& health
- Education on incidental activity & health
- Encourage use of prompts
(e.g. stand when telephone rings,
when someone enters the office)
- SMART goal setting for use of workstations - Encourage use of strategies (e.g. “imails” instead of
emails (walk to colleague); walk to bathroom that
is farthest away; use stairs instead of lift)
- Self-monitoring using timer and chart
Neuhaus et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:21 Page 5 of 11
http://www.ijbnpa.org/content/11/1/21
Workstation group feedback Overall, all five employees
were satisfied with the workstations. While suggestions
were made for the improvement of the workstation design,
everyone appreciated the option to sit or stand while work-
ing at their computer – for example, one employee stated:
“It was nice to have the option to sit or stand. It took a lot
of pressure off my lower back which usually tends to get sore
after prolonged periods of sitting”. On a 5-point scale
(1=’did not like it at all’ to 5=’found it great’), participants
rated the workstations from 3 to 5 with an average of 3.9
points. None of the participants perceived any disturbance
(visual or auditory) for colleagues working in their immedi-
ate environment. Four participants expressed interest in
keeping their workstation.
Peer group feedback Six peer group participants did
not feel disturbed in any way by others using the work-
stations. One participant however experienced distrac-
tion through the increased noise level and the fact that
the ‘workstation user’ was able to look over the partition
while standing up - “We have staff come and see us about
confidential/ personal information at our desks. It feels like
someone is constantly staring at you”. Based on the feed-
back from this participant, a discussion about the pur-
chase of cubicle dividers was taken into the protocol for
the management consultation (details below) at the outset
of the Stand Up Australia Intervention.
At the individual level, the feasibility of a face-to-face
health coaching session was tested with two university
employees (both women, 23 and 28 years) who were not
otherwise involved in the Stand Up Australia program
of research. Overall, the coaching session was received
well by the two trial participants and the intended length
of the session (30 minutes) was confirmed. Feedback on
the key intervention messages led to further clarification
of the distinction between Stand Up (i.e. standing up
regularly to break up long bouts of sitting) and Sit Less
(i.e. reducing the overall sitting time throughout the day
by replacing some sitting time with standing and/or
moving time).
Phase 3: pilot testing
Two pilot studies were conducted and are described
below: ‘Stand Up Comcare’, a two-arm controlled trial
that tested the efficacy, feasibility, and acceptability of
the integrated multiple components; and, ‘Stand Up UQ’,
a three-arm controlled trial that evaluated the additional
value of the multiple components over height-adjustable
workstations only.
Stand Up Comcare methods An abridged, four-week
version of the Stand Up Australia intervention was ini-
tially pilot tested with 43 employees (56% women; 26-
62 years) in a two-arm controlled trial between July and
September 2011 in an urban open-plan office (Comcare:
the government agency responsible for workplace safety,
rehabilitation and compensation for Australian govern-
ment workplaces) in Melbourne, Australia [24]. The main
purpose of this pilot was to test the combined implemen-
tation of all three intervention components. Following the
pilot study, intervention group participants completed a
telephone interview about their study experience and
managers provided feedback in face-to-face sessions.
Stand Up Comcare results Results from this pilot study
are published elsewhere [24]. In brief, relative to the
control group, participants in the intervention group re-
duced their workplace sitting time by just over two
hours per eight-hour workday (mean change -125, 95%
CI = -161, -89 minutes) following intervention, with sit-
ting primarily replaced with standing (127, 95% CI = 92,
162 minutes). Of the 21 intervention group partici-
pants, 18 completed the telephone feedback interview.
Overall, the height-adjustable workstations, as well as
the organisational and individual intervention compo-
nents (in particular the face-to-face coaching session),
were evaluated very positively by both staff and man-
agers (detailed below).
Intervention refinement based on Stand Up Comcare
Based on the feedback from Stand Up Comcare, the
Stand Up Australia intervention was modified at all
three levels. Regarding organisational-level strategies,
the majority of participants indicated that the initially
standardised manager emails were mostly left unread
due to email overload and not enough relevance – for
example, “I read one or two but don’t remember more
than that, didn’t take much notice of them”. Thus, the
intervention was refined to tailor the manager email
templates provided by the study to the managers’ obser-
vations of their team’s experience with the intervention.
This could include the observation of potential problems
(e.g. sore feet from increased levels of standing) and sug-
gested solutions (e.g. keeping a spare pair of orthopaedic
shoes at the desk). While the primary outcome targeted
through Stand Up Australia is sitting at the workplace,
it was decided to add a list of useful strategies to Stand
Up, Sit Less, and Move More outside of the workplace to
the second manager email. Further, during the manage-
ment consultation, more emphasis was placed on the
initiation of standing by managers/senior-level staff dur-
ing staff meetings, as participants repeatedly expressed
feeling ‘awkward’ to initiate standing by themselves -
“I find it hard to stand in a meeting when no one else
is doing it - uncomfortable”. Finally, the list of organ-
isational strategies to promote standing proposed to
managers was refined based on feedback on the most
and least useful strategies identified by both staff and
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managers. At the environmental level, a detailed ergo-
nomic introduction to the height-adjustable worksta-
tions (involving internal OHS staff wherever available)
was added to the intervention protocol. This introduc-
tion was delivered immediately following the worksta-
tion installation to address employee concerns about
their limited experience in the correct use of these.
During the individual intervention contacts, a stronger
emphasis was placed on the importance of regular pos-
tural changes, and, as most participants experienced diffi-
culties distinguishing the principles of Stand Up and Sit
Less, a clearer and more detailed explanation of these
recommendations was incorporated. Further, assisting
participants with the set-up of a stopwatch or computer
software to monitor their sitting/standing time if re-
quired was included in the protocol, as some partici-
pants experienced difficulties with doing this on their
own. In line with the addition of a strategy list to Stand
Up, Sit Less, and to give more emphasis to the target of
Move More outside of the workplace, a discussion
about these strategies was added to the protocol of the
third telephone call in addition to the related list of
strategies added to the second manager email. Finally,
the email summaries sent following the telephone calls
were removed from the intervention protocol, as feed-
back from employees indicated that these were gener-
ally not read due to an overload of emails.
The results of this pilot study addressed the efficacy
considerations of the multi-component intervention on
reducing workplace sitting time. However, as the partici-
pating employees were from a government agency for
workplace safety, rehabilitation and compensation, the
results may be limited in their generalizability. Further-
more, based on the two-group design it was not possible
to determine the contribution of the organisational- and
individual-level elements, as distinct from the provision
of height-adjustable workstations alone. Considering the
resource implications of these elements, this issue has
important practical and financial implications. The sec-
ond pilot study (Stand Up UQ) therefore involved a test
of the efficacy of this multi-component intervention to a
height-adjustable workstations-only intervention in a
three-arm controlled trial involving a comparatively rep-
resentative sample of office workers.
Stand Up UQ methods Between January and June 2012,
a group of desk-based office workers from three separate
administrative units of The University of Queensland
(Brisbane, Australia) participated in the ‘Stand Up UQ’ study
(multi-component intervention, n = 16; height-adjustable
workstations-only, n = 14; comparison, n = 14; 84% women;
20-65 years). The multi-component intervention comprised
all the Stand Up Australia intervention elements as
refined following the Stand Up Comcare pilot study
(detailed above), delivered over three months. Partici-
pants in the workstations-only intervention received
height-adjustable workstations only.
Stand Up UQ results Results are published elsewhere
[55]. In brief, following intervention and relative to the
comparison group, workplace sitting time in the multi-
component group was reduced by 89 mins/8-hour work-
day (95% CI = -130, -47 minutes; p < 0.001) and 33 minutes
in the workstations-only group (95% CI = -74, 7 minutes,
p = 0.285). Furthermore, all participants in the multi-
component intervention rated all intervention compo-
nents as either useful or very useful. In particular, 12/13
rated the manager emails, which were mostly left unread in
the Stand Up Comcare pilot and therefore tailored in the
refinement, as either useful or very useful (one participant
was neutral) – “Her emails brought everyone onto the same
page and encouraged [us] to try things, reinforcing support”.
Results (final intervention design)
The following section provides a detailed description of
the resulting Stand Up Australia intervention protocol.
The suggested timing of all intervention components is
shown in Table 3.
Organisational intervention strategies
In brief, there are three key strategies targeting the organ-
isational level: A senior management consultation, a repre-
sentatives consultation workshop, and a staff information
and brainstorming session including the provision of an in-
formation booklet.
Senior management consultation (approx. 30-45 mins)
During a consultation session between senior research
staff (trained in the evidence of excessive sitting and detri-
mental health outcomes) and selected senior staff, details
of the study timeline are presented and an explanation of
the role of organisational and physical environmental fac-
tors in determining occupational sitting time is given. Fur-
thermore, current organisational processes and structures
important to study implementation are considered, the
concept of the representatives consultation workshop is
introduced, and relevant staff identified (more details
below). Strategies to encourage employee participation are
discussed and important OHS policies and resources iden-
tified (e.g. those relating to workplace activity). Finally,
additional resources to support study targets are identified
(e.g. headphones or higher partitions between desks).
Representatives consultation workshop (approx. 2-4 hours)
Staff representatives meet with senior research staff to
identify strategies supportive of behaviour change (in
line with Stand Up Australia key intervention messages)
suitable to their organisation. Representatives ideally
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include staff from each staff level (including senior and
middle managers) as well as other important stake-
holders such as OHS personnel, union representatives,
workplace safety advisors, and corporate ergonomists.
During the workshop, research staff present details on
the research background and target behaviour, and rep-
resentatives identify feasible workplace changes to Stand
Up, Sit Less, and Move More suited to their organisation
(e.g. standing meetings, or the relocation of printers and
waste bins). Furthermore, a group of team champions
is identified. Throughout the duration of the Stand Up
Australia intervention, the role of team champions is:
1) to actively promote standing by using their height-
adjustable desks and to encourage and initiate standing
in staff meetings (e.g. by hanging up signs in meeting
rooms that ‘standing meetings are welcome’ or by an-
nouncing in the beginning of a staff meeting that staff
are welcome to stand); 2) to act as liaison between staff
and the research team; and, 3) to distribute the man-
agement emails (one champion; typically a manager).
Standard email templates supportive of the study targets
are provided to this champion by the research team. The
champion is asked to walk through the offices on a regular
basis to observe and chat to staff about potential problems
related to the new workstations or other study compo-
nents. Any observations are subsequently integrated into
the email templates. Six fortnightly emails are sent to staff
(blind copied to the research team) over the course of the
three-month intervention.
Staff information and brainstorming session and
information booklet (approx. 30-45 mins)
Research staff facilitate a staff information and brain-
storming session. This session addresses the detrimental
health impacts of prolonged sitting and provides details
about intervention participation, as well as feedback on
the group’s workplace sitting time collected from the ac-
tivity monitors at baseline. Organisational strategies to
Stand Up, Sit Less, and Move More as identified in the
representatives consultation workshop are discussed,
and staff are encouraged to further brainstorm strategies
that may be specifically suited to their group. Following
this information session, a summary email (provided by
research staff ) is sent from the responsible team cham-
pion to all staff. This email includes an electronic Stand
Up Australia information booklet with details about: the
study rationale (i.e. evidence on sedentary behaviour and
health outcomes) and purpose; general guidelines on op-
timal workplace activity; specific behaviour change strat-
egies related to the key intervention messages; and,
general information about the study procedure and
timeline.
Environmental intervention strategy
Height-adjustable workstation installation and ergonomic
posture check
Each participating employee receives a height-adjustable
workstation. In consultation with an OHS ergonomist,
the authors adapted the manufacturer-provided worksta-
tion information sheet, which contains details about the
correct ergonomic posture and tips on the use of the
workstation, as well as the study recommendations on
workplace sitting and activity. It is left on the workstation
shelf for each participant to read upon the first contact
with the new workstation. Following the workstation in-
stallation, the organisation’s OHS staff confirm the correct
ergonomic posture and address any workstation-related
problems or questions. If OHS staff are unavailable, this
Table 3 Intervention elements and timing of implementation
Timing Intervention level
Organisational Environmental Individual
Intervention
elements
Week 1 Senior management consultation
Week 2 Representatives consultation workshop
Week 3 Staff information & brainstorming session; Manager email 1 Workstation installation Coaching session & email summary
Week 4 Phone call 1
Week 5 Manager email 3
Week 6 Phone call 2
Week 7 Manager email 4
Week 8
Week 9 Manager email 5 Phone call 3
Week 10
Week 11 Manager email 6
Week 12
Week 13 Manager email 7 Phone call 4
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step is conducted by research staff following study-specific
training.
Individual intervention strategies
In brief, the individual component consists of one face-
to-face coaching session and four follow-up support tele-
phone calls over the three months.
Face-to-face coaching
The workstation installation is followed by an individual
30-minute face-to-face coaching session delivered by a
health coach (trained in motivational interviewing tech-
niques) in a private room at the work site. First, the par-
ticipant and coach review the participant’s individual
feedback document [55]. This analytic feedback docu-
ment reflects the participant’s activity and posture (as re-
corded during the baseline assessment week) in relation
to each of the key messages Stand Up, Sit Less, and
Move More. This includes both overall proportions of
sitting, standing, and moving time across the day and
during work hours only, as well as a 24 hour ‘heatmap’
showing times at which these activities occurred for each
day during the assessment week. Then, potential dispar-
ities between the baseline and target behaviours are
established, and specific goals for each key message are
elaborated on using motivational interviewing methods.
For example, tasks undertaken during long periods of
sitting visible on the heat map are discussed and solu-
tions to achieve the desired behaviour target identified.
Goals are documented on a ‘Workstation Tracker’ [55],
which is to be attached to the workstation clearly visible
to the participant (for self-monitoring purposes). Follow-
ing the coaching session, participants receive an email
summary from the coach containing the key points
discussed.
Support telephone calls
Each intervention group participant receives a total of
four behaviour change support telephone calls following
the coaching session, preferably from the same health
coach. The telephone calls are delivered in staggered in-
tervals (preferably at one, three, six, and ten weeks fol-
lowing the coaching session), offering more intense
support during the initiation period and gradually less
during the maintenance period of behaviour change.
They serve as a general check-in on the participants’ sat-
isfaction with the study and their workstation, their goal
achievement, barrier identification and problem solving,
discussion of new strategies, and a potential adjustment
of goals. During the second call, the health coach also
discusses strategies to Stand Up, Sit Less, and Move More
outside the workplace. On average, these calls should take
around ten minutes.
Intervention feedback
At the end of the three-month intervention period, and
again one year after baseline, the research team provides
both individuals and the organisation with feedback on the
sitting time reductions experienced by staff. This can be ac-
companied by a consultation on strategies that were con-
sidered to be most suited to the particular organisation
and a discussion regarding potentially relevant future strat-
egies and policy changes.
Discussion
Detailed reporting on intervention development is vital
for the advancement of effective behaviour change inter-
ventions. This is the first paper to provide a thorough de-
scription of the development process of an intervention to
reduce sitting time in office workers - Stand Up Australia.
Key strengths of this development process include: a
systematic three-stage process guided by currently avail-
able evidence; strong theoretical grounding and transla-
tion of key constructs guided by the use of an intervention
taxonomy; a participative approach to both the broader
workplace and its staff; the targeting of multiple levels of
influence on workplace sitting (organisational/managerial,
environmental, and individual); as well as the integration
of qualitative and quantitative data to inform subsequent
uptake into practice.
However, when considering the potential for wide-
spread translation of the Stand Up Australia interven-
tion, it should be noted that, despite the strong input
from workplaces into intervention development and the
pragmatic design of the evaluation, the participatory
process was limited by research funding constraints. The
findings may therefore not generalise across the wider
population of office workplace settings.
Stand Up Australia is currently being evaluated in the
context of a cluster-randomised controlled trial at the
Department of Human Services (DHS) in Melbourne,
Australia (Stand Up Victoria; ACTRN12611000742976).
This study is funded by the Australian National Health
and Medical Research Council and the Victorian Health
Promotion Foundation, and includes objective measure-
ment of activity and posture via activPAL3 monitors, clin-
ical assessment of anthropometric outcomes and cardio
metabolic biomarkers, evaluation of work-related outcomes
(including productivity, absenteeism and presenteeism), as
well as cost-effectiveness analyses [56].
Conclusions
Stand Up Australia is an evidence-informed and systematic-
ally developed workplace intervention targeting reductions
in office workers’ sitting time. Feedback from partici-
pants and managers involved in the multiple phases of
development suggests high acceptance and feasibility of
all intervention components. Observations from the pilot
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studies demonstrate the efficacy of Stand Up Australia to
significantly reduce office workers’ sitting time. Results of
the currently implemented cluster-randomised controlled
trial will inform its (cost-) effectiveness and feasibility on a
larger scale.
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Written informed consent was obtained from all partici-
pants for the publication of this report and any accom-
panying images.
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3.4 Discussion 
As noted in the Discussion above, the Stand Up Australia intervention is currently being 
evaluated in a larger cluster-randomised controlled trial within the Department of Human 
Services in Melbourne, Australia (Stand Up Victoria) (147). This trial addresses some of 
the limitations in current evidence by including: objective and longer-term measurement of 
sedentary time (at baseline, 3 months [end-of-intervention] and 12 months); assessment of 
anthropometric outcomes and cardio metabolic biomarkers; evaluation of work-related 
outcomes; and, cost-effectiveness analyses. However, given the two-group design of the 
Stand Up Victoria trial, it will not be possible to determine if addressing the multiple levels 
of influence proposed by the Healthy Workplace Framework is more effective than the 
installation of activity-permissive workstations alone. Study 3 of this PhD research 
therefore comprised a 3-arm controlled trial, comparing the effectiveness of the multi-
component Stand Up Australia intervention to reduce workplace sedentary time, to the 
installation of activity-permissive workstations only and to a (usual workplace practice) 
control condition.
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CHAPTER 4. EFFECTIVENESS OF A MULTI-COMPONENT 
INTERVENTION VERSUS ACTIVITY-PERMISSIVE WORKSTATIONS ONLY 
4.1 Introduction 
This Chapter reports the findings of a 3-arm controlled field study conducted as part of this 
PhD over a 15-month period in Brisbane, Australia. 
The findings from the systematic literature review presented in Chapter 2 showed that 
activity-permissive workstations can be an effective means to reducing workplace 
sedentary time. However, the way in which these workstations were implemented varied 
across the included studies and best-practice approaches to using such workstations 
could not be identified thus far. The workplace health promotion literature, such as the 
Healthy Workplace Framework described in the previous Chapters of this thesis, suggests 
that interventions should target the multiple interrelated workplace influences on health 
behaviour (109). Study 2 of this PhD research (Chapter 3) thus comprised the 
development of such a multi-component intervention. The efficacy of this intervention was 
first examined in a controlled pilot study, which reported workplace sedentary time 
reductions in the intervention group of more than two hours per 8-hour workday following 
intervention (99). Furthermore, as noted in the previous chapter of this thesis, it is currently 
being tested in a larger, cluster-randomised controlled study (147). However, the two-
group design of these studies does not provide an opportunity to examine the relative 
benefit of the multi-component intervention compared to installation of activity-permissive 
workstations alone. This question has important practical implications given the additional 
resource costs associated with the multi-component intervention (versus the activity-
permissive workstations alone). Therefore, the aim of Study 3 was to examine the 
effectiveness of the multi-component intervention to reduce workplace sedentary time and 
to compare it to the effectiveness of installing activity-permissive workstations only. 
Between January 2012 and March 2013, a 3-arm controlled trial Stand Up UQ was 
conducted in a university setting in Brisbane, Australia. Study groups comprised three 
geographically separate groups of office workers: one intervention group received the 
multi-component Stand Up Australia intervention as described in Chapter 3 of this thesis; 
another group received sit-stand workstations only (the same workstations as used in the 
multi-component intervention); and, one group served as a (usual workplace-practice) 
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control group and participated in assessments only. Office workers’ sedentary time was 
assessed using objective measurement methods (i.e. activPAL devices) at baseline and 3 
months (end of the strategies targeting personal health resources and the psychosocial 
work environment) from all three study groups, and at 12 months from both intervention 
groups. 
Results of the short-term (i.e. 3 months post baseline) outcomes of this trial have been 
published in the American Journal of Preventive Medicine. This was a highly cited paper. 
The American Journal of Preventive Medicine has an impact factor of 4.28 (5-yr IF = 5.09) 
and ranks within the top 9% of journals within the field of Public, Environmental & 
Occupational Health. With an Altmetric score of 71, the paper is amongst the highest ever 
scored in this journal (ranked #43 of 1020); and, it is currently in the 99th percentile of more 
than 2.6 million articles ever tracked by Altmetric. Following a media release of this paper 
in January 2014, the Stand Up UQ study has received substantial interest from media. 
This includes radio interviews with stations such as ABC National and ABC Sydney, online 
media such as www.MedicalResearch.com or www.ScienceAlert.com.au, as well as 
numerous print articles, and attention from social media such as twitter. A copy of the 
paper is provided in Section 4.2. 
Additional methods are presented in Section 4.3 and additional outcomes are reported in 
Section 4.4. Immediately after completion of the 12-month assessment, qualitative 
interviews were conducted with both study participants and managers from the two 
intervention groups to inform the translation of intervention elements into practice and 
opportunities for further improvement. A brief summary of the findings from these 
qualitative interviews is presented in Section 4.4.4. Sixteen months following the end of the 
study, additional follow-up interviews were conducted with the managers of both 
intervention groups as well as the director of the university’s OHS division. These results 
are presented in Section 4.4.5. The main findings from the Stand Up UQ study and their 
implications are then discussed. All materials related to the Stand Up UQ study are 
provided in Appendix B. These include: 
 Stand Up UQ flowchart (Appendix B.1) 
 Participant information sheet (Appendix B.2) 
 Participant consent form (Appendix B.3) 
 Information flyer – example from control group (Appendix B.4) 
 Participant information presentation (Appendix B.5) 
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 Participant Information booklet (Appendix B.6) 
 Workstation information sheet (Appendix B.7) 
 Individual consultation script (Appendix B.8) 
 Individual consultation checklist (Appendix B.9) 
 Email template for individual consultation summary (Appendix B.10)  
 Participant feedback report – Assessment 1 (Appendix B.11) 
 Example protocol for telephone follow-up (Appendix B.12) 
 Example template for management emails (Appendix B.13) 
 Strategy list to stand up, sit less and move more outside of work (Appendix B.14) 
 
4.2 Main outcomes 
Neuhaus, M., Healy, G.N., Dunstan, D.W., Owen, N., Eakin, E.G. (2014). Workplace 
Sitting and Height-Adjustable Workstations: A Randomized Controlled Trial. American 
Journal of Preventive Medicine 46(1): 30–40.
Author's personal copy
Workplace Sitting and Height-
Adjustable Workstations
A Randomized Controlled Trial
Maike Neuhaus, MPsych, Genevieve N. Healy, PhD, David W. Dunstan, PhD,
Neville Owen, PhD, Elizabeth G. Eakin, PhD
Background: Desk-based ofﬁce employees sit for most of their working day. To address excessive
sitting as a newly identiﬁed health risk, best practice frameworks suggest a multi-component
approach. However, these approaches are resource intensive and knowledge about their impact is
limited.
Purpose: To compare the efﬁcacy of a multi-component intervention to reduce workplace sitting
time, to a height-adjustable workstations-only intervention, and to a comparison group (usual
practice).
Design: Three-arm quasi-randomized controlled trial in three separate administrative units of the
University of Queensland, Brisbane, Australia. Data were collected between January and June 2012
and analyzed the same year.
Setting/participants: Desk-based ofﬁce workers aged 20–65 (multi-component intervention,
n¼16; workstations-only, n¼14; comparison, n¼14).
Intervention: The multi-component intervention comprised installation of height-adjustable
workstations and organizational-level (management consultation, staff education, manager e-mails to
staff) and individual-level (face-to-face coaching, telephone support) elements.
Main outcome measures: Workplace sitting time (minutes/8-hour workday) assessed objec-
tively via activPAL3 devices worn for 7 days at baseline and 3 months (end-of-intervention).
Results: At baseline, the mean proportion of workplace sitting time was approximately 77% across
all groups (multi-component group 366 minutes/8 hours [SD¼49]; workstations-only group 373
minutes/8 hours [SD¼36], comparison 365 minutes/8 hours [SD¼54]). Following intervention and
relative to the comparison group, workplace sitting time in the multi-component group was reduced
by 89 minutes/8-hour workday (95% CI¼130, 47 minutes; po0.001) and 33 minutes in the
workstations-only group (95% CI¼74, 7 minutes, p¼0.285).
Conclusions: A multi-component intervention was successful in reducing workplace sitting. These
ﬁndings may have important practical and ﬁnancial implications for workplaces targeting sitting
time reductions.
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Background
Too much sitting is detrimentally associated withmusculoskeletal symptoms1 and several risk bio-markers of cardio-metabolic health,2,3 particu-
larly when accumulated in prolonged, unbroken bouts.4
Desk-based ofﬁce workers sit for an average of 6 hours
during an 8-hour workday.5–7 With much of this sitting
time accrued in bouts of 30 minutes or more,7–9 ofﬁce
workers are an important target for intervention.10
Height-adjustable workstations are a potentially fea-
sible option to reduce workplace sitting. They offer the
opportunity to complete desk-based/computer tasks
while alternating between sitting and standing, without
major disruption of work practices. Traditionally
acquired for the prevention of musculoskeletal prob-
lems,11,12 their utility in reducing sitting time for broader
preventive-health beneﬁts is increasingly being recog-
nized.13 Studies in the U.S., Europe, and Australia have
reported reductions in workplace sitting between 0 and
143 minutes/workday following workstation installation
in ofﬁce environments.5,14–19 However, preliminary
indications suggest that installation of height-adjustable
workstations alone may not be sufﬁcient for sustained
reductions in sitting time.20 These ﬁndings support
recommendations from the broader workplace health
promotion literature21,22 and ecologic models of seden-
tary behavior.23 Both emphasize the importance of
intervening on the multiple interrelated inﬂuences on
individual behavior in the workplace, including the
organizational structure, the physical and social/inter-
personal environment, and intrapersonal factors.
A recent study that used such a multi-component
approach achieved substantial reductions in workplace
sitting time,18 with intervention group participants reduc-
ing their workplace sitting by 2 hours relative to compar-
ison group participants. However, given the two-group
design, it was not possible to determine the contribution of
the organizational- and individual-level elements, as dis-
tinct from the provision of height-adjustable workstations
alone. Given that these elements are resource intensive, this
issue has important practical and ﬁnancial implications.
The aim of this study was to compare changes in
objectively measured workplace sitting time following a
multi-component intervention versus the installation of
height-adjustable workstations alone, relative to a com-
parison condition, over 3 months.
Methods
Study Design
The study (Stand Up UQ) was conducted within three separate
administrative units of the University of Queensland (UQ) in
Brisbane, Australia, and included (1) a multi-component
intervention group; (2) a (height-adjustable) workstations-only
intervention group; and (3) a comparison group (usual practice;
assessment-only). Because of one of the units being located 90 km
from the research center, the two local units were randomized to the
intervention arms, with the distant unit allocated to the
comparison group.
The study was approved by UQ’s School of Population Health
ethics committee. Data were collected January–June 2012, at
baseline and 3 months thereafter. Research staff and participants
were not blinded to group allocation.
Recruitment
The three units were identiﬁed by the University’s Wellness
Program Manager (who volunteered her own unit [HR/Payroll]
for study participation) and located on three different campuses.
Unit selection was based on the following criteria: all potential
participants were to be located on the same ofﬁce ﬂoor (to control
for unit-speciﬁc norms; intervention groups only), and potential
participants were to be employed in jobs primarily involving
computer/administrative desk-based tasks with a designated desk
within the workplace. Unit managers were given details of the
study rationale and procedures, and all provided consent for their
unit to participate.
A recruitment e-mail explaining the study purpose and proce-
dures was sent to all staff from consenting units. Interested
employees e-mailed the project manager and were interviewed
via telephone to assess eligibility: aged 18–65 years; speaking
English; ambulatory; not pregnant; working at least 0.5 full-time
equivalent (FTE); without allergies to medical tape (used to attach
the activity monitor); not experiencing any musculoskeletal
discomfort or neck/back/shoulder strain; and not relocating to
another worksite during the study period. A total of 44 participants
(16 multi-component group, 14 workstations-only group, 14
comparison group) were recruited and underwent baseline assess-
ment (Figure 1).
Multi-Component Intervention
The intervention was based on social cognitive theory, with
emphasis on self-efﬁcacy, outcome expectancies, and sociostruc-
tural factors.24 The operationalization of theoretical constructs
into intervention strategies was guided by an intervention taxon-
omy,25,26 and focused on provision of normative feedback, goal-
setting, self-monitoring and problem-solving. Strategies were
applied at the organizational (e.g., through group-level normative
feedback in comparison to the average sitting time among
Australian ofﬁce workers); environmental (e.g., normative cues
from co-workers standing at height-adjustable desks); and indi-
vidual level (e.g., through normative individual feedback at base-
line in comparison to the group’s sitting time).
The key intervention messages were Stand Up, Sit Less, and
Move More. Stand Up was the main prompt to break up long bouts
of sitting (Z30 minutes) by changing posture frequently (at least
every 30 minutes). Sit Less communicated the importance of
reducing overall sitting time. Participants were encouraged to
substitute some sitting with standing or moving time, primarily by
using the height-adjustable workstation. A sitting-to-standing
ratio of approximately 50:50, accumulated through short bouts
and regular postural transitions, was suggested. Both of these
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suggestions were guided by recommendations from the univer-
sity’s occupational health and safety (OHS) advisor that regular
postural changes should be implemented every 30 minutes.27 The
principle of Move More targeted an increase in incidental, light-
intensity physical activity throughout the workday (e.g., taking the
stairs instead of the elevator).
Intervention Delivery
Multi-component intervention.
All intervention components were
delivered and recorded by the same
project manager (Table 1). Interven-
tion ﬁdelity was maintained through
the use of detailed intervention scripts
and checklists, and weekly meetings
with senior study investigators.
The organizational intervention
addressed some aspects of workplace
culture and norms via inclusion of a
consultation with the unit manager, an
all-of-staff information session, and
manager e-mails to employees. The
manager consultation (30 minutes)
provided the rationale for the study,
details of participation, and a discus-
sion of approaches to stand up, sit less,
and move more within their unit. The
ensuing 30-minute staff information
and brainstorming session addressed
the study rationale and procedures, as
well as feedback on the unit’s baseline
workplace sitting time. Over the
course of the intervention, six fort-
nightly e-mails were sent from the
Multi-component group Workstations-only group Comparison group
48 faculty staff sent e-mail
6 ineligible
3 Mac users; cannot be 
   attached to  workstation
2 located on separate floor to 
other staff
1 new job soon
510 campus staff sent e-mail29 department staff sent e-mail
6 ineligible
2 pregnant
1 new job soon
1 low blood pressure
1 had workstation already 
1 ankle injury
2 ineligible
2 job not primarily desk-based
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22 expressed interest and were 
screened for eligibility
16 expressed interest and were 
screened for eligibility
20 expressed interest and were 
screened for eligibility
16 eligible, enrolled, and 
completed baseline 
assessment
14  eligible, enrolled, and 
completed baseline 
assessment
1 missing work hour info
14  eligible, enrolled, and 
completed baseline 
assessment
3 lost before intervention
1 new job
1 changed job location
1 ineligible due to new injury
14 completed 3-month 
assessment
1 missing activity monitor data
1 withdrew for health reasons
13 completed 3-month 
assessment
1 missing activity monitor data
13 completed 3-month 
assessment
14 analyzed
13 activity monitor data
14 body measures, and 
questionnaire data
13 analyzed
12 activity monitor data
13 body measures, and 
questionnaire data
13 analyzed
13 activity monitor data, body 
measures, and 
questionnaire data
Figure 1. Flow diagram of enrolment, participation, and analyses
Table 1. Intervention elements and timing of implementation
Timing
Intervention level
Organizational Environmental Individual
Week 1 Management consultation
Week 2 Staff information and
brainstorming session;
manager e-mail 1
Information booklet
Week 3 Workstation
provision
Coaching session and
e-mail summary
Week 4 Manager e-mail 2 Phone call 1
Week 5
Week 6 Manager e-mail 3 Phone call 2
Week 7
Week 8 Manager e-mail 4
Week 9 Phone call 3
Week 10 Manager e-mail 5
Week 11
Week 12 Manager e-mail 6
Week 13 Manager e-mail 7 Phone call 4
Neuhaus et al / Am J Prev Med 2014;46(1):30–4032
www.ajpmonline.org
Author's personal copy
manager to staff. They supported program participation, and
included a study information booklet (provided by research staff).
The remaining ﬁve e-mails encouraged staff to stand up, sit less,
and move more and commented on strategies that appeared to be
working well within the unit. E-mail templates were provided by
research staff and tailored to the group by the manager.
The environmental intervention strategy modiﬁed the personal
physical ofﬁce environment through the provision of fully installed
height-adjustable workstations (WorkFit-S) with an attached work
surface tray (www.ergotron.com) for each intervention partic-
ipant. Employees also received verbal (10-minute duration) and
written instructions from the project manager on correct usage
and how to alternate their working posture in line with OHS
guidelines.
Individual intervention strategies included face-to-face coaching, a
tailored e-mail, three telephone calls, an information booklet, and a
self-monitoring tool. The initial 30-minute face-to-face coaching
session was delivered at the worksite within 2 days following the
workstation installation. This included a discussion of graphic
feedback on the individual’s baseline sitting, standing, and moving
time (Figure 2) and collaborative goal-setting in relation to the three
program messages. An e-mail summarizing the agreed-upon goals
was sent to each participant on the same day. Three follow-up
telephone calls (10 minutes each) were delivered at 1, 3, and 7
weeks following the coaching session to assess goal achievement,
problem-solve potential barriers, and reset goals as necessary.
Participants also received a laminated self-monitoring tool
(Figure 3). This Tracker was attached to the workstation, clearly
visible to the participant and used during the coaching session and
telephone calls for the participant to document and adjust speciﬁc
goals and strategies used. Participants were able to contact the project
manager at any time in the case of adverse events or problems with
their workstation.
Workstations-only intervention. Participants in the work-
stations-only group received the same workstations and OHS
instructions from the project manager as the multi-component
intervention group. No further contact was scheduled.
Comparison group. No workspace modiﬁcation was provided
for comparison group participants. They were advised to maintain
their usual day-to-day activity.
Figure 2. Self-monitoring sheet for participants in multi-
component intervention group
Figure 3. Extract from participant feedback sheet used in coaching sessions in multi-component intervention group
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Data Collection
Individual assessments occurred at baseline and 3 months (follow-
up) in a designated testing room at or near to the participating
units. At each assessment, participants also wore an activity
monitor (activPAL3; PAL Technologies Limited, Glasgow, United
Kingdom) and self-completed an online questionnaire.
Measures
The activPAL3 monitor (53 35 7 mm; 15 g) was waterproofed
and attached on the anterior midline of the right thigh using a
breathable hypoallergenic adhesive patch. Participants were asked
to wear the monitor for 7 consecutive days (24 hours per day). The
monitor, a valid and responsive measure of posture and motion
during everyday activities,28,29 was initialized and downloaded
(manufacturer-provided software, version 6.3.0) using the default
settings. Participants recorded any monitor removal times and
their wake/sleep and work hours in a diary.
Height (nearest 0.1 cm) was measured in duplicate without
shoes using a stadiometer (Seca Ltd, Hanover, MD). Weight was
measured using an electronic scale (Soehnle-Waagen GmbH& Co.
KG, Backnang, Germany), with footwear and heavy clothing
removed. BMI was then calculated as (average weight [kg]/average
height [m2]).
The online questionnaire was used to collect data on:
 demographics (age, gender, ethnicity, educational attainment,
employment history, smoking history, medical history;
baseline only);
 work-related elements (work-performance, e.g., Rate your
highest level of efﬁciency this week; 10-item scale ranging
from 1 to 10 with higher scores indicating better work-
performance)30;
 absenteeism31 (How many days in the LAST 3 MONTHS have
you stayed away from your work for more than half the day
because of health problems?) and presenteeism31 (How many
days in the LAST 3 MONTHS did you go to work while suffering
from health problems?);
 musculoskeletal symptoms32;
 and adverse events (open-question format).
Intervention-group participants also answered questions about
the acceptability and feasibility of the intervention, including the
acceptability of the height-adjustable workstations, which was
rated on a 10-item scale (1¼disagree strongly to 5¼agree strongly),
and via an open question. Participants in the multi-component
group further evaluated (1¼not useful at all to 5¼very useful) the
usefulness of all individual intervention components.
Information on intervention ﬁdelity (i.e., completion of coach-
ing sessions, calls, e-mails, and unscheduled contacts with partic-
ipants) was systematically recorded.
Activity Monitor Data Processing
The activPAL3 records the beginning and ending of each bout of
sitting or lying (referred to as sitting); standing; and moving at
different speeds and the estimated METs (energy expended above the
resting metabolic rate; 1 MET¼1.0 kcal/kg/hour) expended during
those bouts. Data were processed in SAS 9.3 using a customized
program. For each of the outcomes, totals were calculated for each
day at the workplace. Averages were calculated from valid days (i.e.,
activity monitor wornZ80% of time spent at the workplace; 171 days
at baseline, 147 days at follow-up). Outcomes were standardized to an
8-hour workday except for sit-to-stand transitions, which were
divided by hours of workplace sitting.
In accordance with the key intervention messages, changes from
baseline to follow-up in the following outcomes were assessed for
time spent at the workplace: Stand up: standing time and
prolonged sitting (time accumulated in prolonged sitting bouts
Z30 minutes); Sit less: sitting time (primary outcome) and the
number of sit-to-stand transitions; Move more: stepping time,
number of steps, and MET minutes of moderate-to-vigorous
physical activity (MVPA) atZ4 METs (Z120 steps per minute).
Statistical Analyses
Data were analyzed in 2012 using PASW Statistics, version 20.0.0,
with statistical signiﬁcance at po0.05 (two-tailed). Within-group
changes were assessed by paired t-tests (normal data) or Wilcoxon
signed rank test (non-normal data). Multivariate analyses were by
linear regression, using the Sidak method to control signiﬁcance
for multiple comparisons,33 with adjustment for baseline values of
the outcome. For each outcome, baseline values of the other
outcomes and sociodemographic characteristics were considered
as potential confounders, and were adjusted for in analyses if their
inclusion changed the mean differences between groups in the
outcome by more than 20%34 and if signiﬁcant at po0.2.35 Non-
normally distributed outcomes (sit-to-stand transitions; MVPA
MET minutes) were log-transformed, with their mean group
differences expressed as rate ratios (RR, e.g., ratio of mean
multi-component intervention group/comparison group).
Sample Size Calculation
The trial aimed to recruit 15 and retain 13 participants in each arm.
A priori calculations in Stata (version 11.2) revealed this to be
sufﬁcient to achieve at least 80% power (5% signiﬁcance, two-tailed),
for the detection of differences between the multi-component group
versus the comparison/workstations-only group of 70/90 minutes,
respectively, per 8-hour workday for workplace sitting. This was
based on expected SDs of change in workplace sitting of 70 minutes
(intervention group) and 24 minutes (comparison group).18 Mini-
mum detectable differences for the other activity monitor outcomes
were: 75/95 minutes (standing); 85/95 minutes (prolonged sitting);
15/15 minutes of stepping; 4/3 MET minutes of moderate-to-
vigorous physical activity; 600/700 number of steps; and 2.1/3.0 sit-
to-stand transitions between the multi-component group versus the
comparison/workstations-only group, respectively.
Missing Data
Missing diary information was followed up with participants
whenever possible. The online questionnaire structure did not
permit missing values. Missing data on the activity monitor
outcomes was low (n¼6; 11.4%; Figure 1), occurring for three
participants (multi-component group) due to becoming ineligible
before (n¼2) or during the intervention (n¼1); one participant
(workstations-only group) due to withdrawal; one (multi-compo-
nent group) due to monitor malfunction; and one (comparison
group) due to adverse reaction to the adhesive tape holding the
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monitor in place. Accordingly, data were assumed to be missing
completely at random and multivariate analyses conducted with
completers.
Results
Participant Characteristics
The majority of participants were women (the multi-
component condition had only women); Caucasian;
nonsmokers; and general university staff in full-time
employment (Table 2). On average (all groups com-
bined) at baseline, 77% (10%) of time at the workplace
was spent sitting; 16% (7%) standing; and 8% (3%)
stepping. Overall, 38% (16%) of the total time at the
workplace was spent in prolonged sitting bouts Z30
minutes.
Changes in Sitting, Standing, and Moving
Following intervention, a signiﬁcant overall effect of study
group on workplace sitting time was observed (p¼0.001;
Table 3). For the multi-component group, the average
reduction in daily workplace sitting time was 89 minutes
(95% CI¼130, 47 minutes; po0.001) relative to the
comparison group and nearly an hour (–56 minutes, 95%
CI¼107, 4 minutes; p¼0.033) compared to the
workstations-only group. There was no signiﬁcant change
in daily sitting time observed in the workstations-only
group relative to the comparison group (–33 minutes, 95%
CI¼84, 17 minutes; p¼0.285). Within groups, mean
sitting time reductions were 94 minutes (95% CI¼146,
43 minutes; p¼0.002) and 52 minutes (95% CI¼79,
26 minutes; p¼0.001) in the multi-component group
and workstations-only group, respectively. No signiﬁcant
change was observed in workplace sitting time within the
comparison group (11 minutes, 95% CI¼22, 43
minutes; p¼0.484).
A signiﬁcant overall effect of intervention condition on
workplace standing time (po0.001) was observed. Rela-
tive to the comparison group, workplace standing time
increased by 93 minutes (95% CI¼45, 141 minutes;
po0.001) in the multi-component group—an hour
greater (59 minutes, 95% CI¼10, 107 minutes; p¼0.014)
when compared to workstations-only group participants.
No signiﬁcant changes were seen in any of the other
secondary activity monitor outcomes. However, we were
not adequately powered to detect these changes and 95%
CIs could not rule out potentially meaningful intervention
effects in prolonged sitting time (31 minutes, 95%
CI¼79, 17 minutes; p¼0.296) in the multi-component
group and in standing time (35 minutes, 95% CI¼12, 81
minutes; p¼0.200) in the workstations-only group com-
pared to the comparison group.
Changes in Work-Related Outcomes and
Musculoskeletal Symptoms
No signiﬁcant changes were observed in work-related or
musculoskeletal outcomes. However, changes of Z20%,
indicating potentially meaningful intervention effects,36
were observed in the following outcomes: increased
absenteeism and presenteeism within the comparison
group; musculoskeletal symptoms within the multi-
component condition (shoulders increased; neck, knees,
ankles/feet decreased) and the comparison group (hips/
thighs/buttocks and knees increased; Appendix A, avail-
able at www.ajpmonline.org).
Adverse Events
Seven weeks following the provision of the height-
adjustable workstation, one participant (workstations-
only condition) withdrew from the study because of
overall body pain. Although it cannot be ruled out that
this was completely unrelated to the use of the work-
station, this participant exclusively wore high-heels while
standing at the workstation (which was not recom-
mended per the intervention protocol). No other adverse
events were reported.
Fidelity of Intervention Delivery
Overall, ﬁdelity of intervention delivery in the multi-
component condition was high. All participants received
all intervention elements, with the exception of the staff
information session, which was attended by 12/14
participants.
Study Feasibility and Acceptability
Acceptability of the height-adjustable workstations was
high in both groups (mean score of 3.9/5 [SD¼0.5] in the
multi-component group and 3.7/5 [SD¼0.6] in the
workstations-only group). However, noted limitations
included diminished desk-space, and not being able to
adjust the distance from the computer screen to the eyes.
All multi-component intervention group participants
rated additional intervention components as either useful
or very useful, and 12/13 rated the manager e-mails as
either useful or very useful (minimum score¼3).
Discussion
The multi-component intervention resulted in an
approximate threefold greater reduction of ofﬁce work-
ers’ sitting time during work hours relative to the
provision of height-adjustable workstations alone. Like-
wise, the increase in standing time in the multi-
component intervention group signiﬁcantly exceeded
that of the workstations-only intervention group. To
our knowledge, this is the ﬁrst study to evaluate the
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Table 2. Baseline characteristics by study group, % (n) unless otherwise noted
MC WO Comparison All
(n¼16) (n¼14) (n¼14) (N¼44)
Age (years, M [SD]) 37.3 (10.7) 43.0 (10.2) 48 (11.6) 42.6 (11.5)
Males 0 (0) 21.4 (3) 29 (4) 16 (7)
Caucasian 94 (15) 93 (13) 93 (13) 93 (41)
Married/living together 81 (13) 71 (10) 64 (9) 73 (32)
Tertiary education 75 (12) 64 (9) 71 (10) 70 (31)
Tenure at workplace (years)
r1 6 (1) 21 (3) 36 (5) 20 (9)
1–3 50 (8) 21 (3) 7 (1) 27 (12)
Z3 44 (7) 57 (8) 57 (8) 52 (23)
1.0 full-time equivalent 75 (12) 79 (11) 93 (13) 82 (36)
Staff type
Permanent 50 (8) 71 (10) 79 (11) 66 (29)
Contract 50 (8) 29 (4) 21 (3) 34 (15)
Job category
Managers/professionals 38 (6) 71 (10) 57 (8) 55 (24)
Clerical/service/sales 63 (10) 29 (4) 43 (6) 46 (20)
Smoker 6 (1) 14 (2) 0 (0) 7 (3)
BMI (M [SD]) 25 (5.0) 24 (3.7) 28 (5.7) 26 (5.1)
History of high cholesterol 31 (5) 21 (3) 21 (3) 25 (11)
History of diabetes 0 (0) 0 (0) 7 (1) 2 (1)
ACTIVITY MONITOR DATA (M [SD]) (n¼16) (n¼14) (n¼13)a (N¼43)a
Time monitor worn at the workplace (hours/day) 8.1 (1.0) 8.0 (1.1) 7.9 (1.0) 8.0 (1.0)
Stand Up
Standing time (minutes/8-hour workday) 81 (40) 68 (30) 76 (35) 75 (35)
Sit-to-stand transitions (n/hour sitting)b 5.1 (4.2, 6.3) 4.9 (3.4, 6.0) 4.2 (3.0, 5.2) 4.9 (3.6, 5.8)
Sit Less
Sitting time (minutes/8-hour workday) 366 (49) 373 (36) 365 (54) 368 (46)
Time accrued in prolonged sitting Z30
minutes (minutes/8-hour workday)
159 (63) 186 (67) 200 (96) 180 (76)
Move More
Stepping time (minutes/8-hour workday) 34 (12) 39 (15) 40 (20) 37 (16)
MVPA MET minutes (minutes/8-hour workday)b 10 (4, 24) 9 (6, 20) 3 (2, 15) 7 (3, 22)
Steps (n/8-hour workday) 1548 (525) 1920 (568) 1789 (1015) 1742 (786)
Note: minutes/8-hour workday¼minutes at the workplace standardized to 8 hours of work time
aActivity monitor data were missing for one participant
bNon-normal outcomes reported as median (25th percentile, 75th percentile)
MC, multi-component intervention group; MVPA, moderate-to-vigorous physical activity; WO, workstations-only intervention group
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Table 3. Between-group differences at 3 months for sitting, standing and moving outcomes at the workplace
Measure
MC (n¼12) vs comparison (n¼13) WO (n¼13) vs comparison (n¼13) MC (n¼12) vs WO (n¼13)
Overall-effect of
arm
Mean difference (95% CI) p Mean difference (95% CI) p Mean difference (95% CI) p p
Stand Up
Standing time
(minutes/8-hour workday)
93 (45, 141) o0.001 35 (12, 81) 0.200 59 (10, 107) 0.014 o0.001
Sit-to-stand transitions
(n/hour sitting)a
RR¼1.11 (0.87, 1.40) 0.636 RR¼1.15 (0.92, 1.45) 0.320 RR¼0.96 (0.76, 1.22) 0.963 0.276
Sit Less
Sitting time (minutes/
8-hour workday, [primary
outcome])
89 (140, 38) o0.001 33 (84, 17) 0.285 56 (107, 4) 0.033 0.001
Time accrued in prolonged
sitting Z30 minutes
(minutes/8-hour workday)b
31 (79, 17) 0.296 15 (59, 30) 0.799 17 (63, 29) 0.752 0.274
Move More
Stepping time (minutes/
8-hour workday)
1 (12, 10) 0.997 1 (12, 9) 0.988 1 (10, 11) 0.999 0.956
MVPA (MET
minutes/8-hour workday)a
RR¼1.06 (0.60, 1.90) 0.991 RR¼1.00 (0.57, 1.75) 40.999 RR¼1.06 (0.61, 1.85) 0.989 0.951
Steps (n/8-hour workday) 12 (535, 512) 40.999 74 (584, 437) 0.978 62 (461, 585) 0.988 0.928
Note: Mean change from baseline (95% CI), adjusted for baseline value of outcome (ANCOVA); p-values and 95% CIs corrected for multiple comparisons (Sidak method); minutes/8-hour
workday¼minutes at the workplace standardized to 8 hours of work time (i.e., standardized minutes¼minutes * 8/ observed hours at the workplace)
aValues reported are back-transformed from natural log scale; differences are interpreted as relative rates (RR), for example, the back-transformed mean for the multi-component group divided by the
back-transformed mean for the comparison group.
bAdjusted for full-time employment
ANCOVA, analysis of covariance; MC, multi-component intervention group; RR, rate ratio; WO, workstations-only intervention group
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beneﬁt of adding individual- and organizational-level
intervention elements to the installation of height-
adjustable workstations.
Compared to the only other study (Stand Up Com-
care) to have evaluated such a multi-component inter-
vention to reduce sitting time including workstations, the
reduction in workplace sitting time in the multi-
component group of this study was less (125 minutes
vs 94 minutes, respectively).18 Although both of the
studies used activPAL devices for the assessment of
sitting time, it is unknown how the reductions in sitting
time were accumulated (i.e., at the workstation, through
organizational strategies such as standing meetings, or a
mixture of both). A potential reason for the observed
differences of intervention effects could be related to
stronger organizational standing routines (i.e., standing
meetings) in the better-performing sample of the Stand
Up Comcare study. In fact, as the name indicates, that
group consisted of ofﬁce workers from Comcare, the
Australian agency responsible for workplace safety,
rehabilitation, and compensation in the Commonwealth
jurisdiction, which likely has an increased awareness for
healthy workplace practices and motivation for the
implementation thereof.
The sitting time reduction in the workstations-only
condition was not signiﬁcant relative to the comparison
group. The magnitude of change (33 minutes) lies
within the change reported by other studies that have
installed height-adjustable workstations to reduce sitting
time (0–66 minutes),14–17 with the exception of one study
that reported a reduction of 143 minutes/8-hour work-
day.5 This difference might be related to the representa-
tiveness of the study sample, as the latter study was
conducted within a group of public health researchers
working in the area of sedentary behavior research in
which sitting time–reducing strategies (e.g., standing
meetings) were already part of the organizational culture.
More studies including measures of when and how
sitting time changes occur will be needed to put these
differences into perspective.
Although no signiﬁcant changes were observed for
prolonged sitting, considering the beneﬁts of even short
breaks in sitting time on biomarkers of cardiovascular
health is needed.4,37,38 No signiﬁcant changes were
observed for prolonged sitting. Considering the beneﬁts
of even short breaks in prolonged sitting time on
biomarkers of cardiovascular health,4,37,38 stronger
emphasis on the importance of regularly breaking up
prolonged sitting may be needed, even when overall
workplace sitting time is reduced. Although both inter-
vention groups replaced some of their sitting time with
standing, it is unknown how this increase in standing
time was accumulated.
Consistent with previous studies,5,18 no signiﬁcant
changes were observed in the number of steps, stepping
time, or MVPA MET minutes during work hours. This
may reﬂect the nature of desk-based ofﬁce work, where
the majority of time is spent at the desk to complete job
tasks, and where time spent moving is minimal. Other
workplace studies have successfully combined the instal-
lation of height-adjustable workstations with physical
activity program strategies.14,17 However, although the
magnitude of sitting time reduction in these studies was
signiﬁcant, the magnitude of the changes (66 minutes
and 58 minutes, respectively) was not as substantial as
observed in the multi-component intervention group of
the present study. Although yet to be evaluated, an
optimal approach may be to use the multi-component
approach to sitting time implemented in the current
study in combination with successful exercise interven-
tion strategies.
These results suggest that it is feasible to implement a
multi-component intervention such as was used in Stand
Up UQ with high ﬁdelity, no perceived decrease in
productivity, and few adverse outcomes. However, such
study components are also resource intensive, including
the installed workstations (currently retailing for approx-
imately US$499, plus installation cost), and delivery
of other intervention elements. Although the ﬁndings
indicate that individual and organizational supports are
important for reducing workplace sitting time, it is not
possible to identify if any particular strategies were more
important than others. As the individual-level interven-
tion components are the most cost-intensive, future
studies could evaluate the efﬁcacy of the multi-
component intervention in comparison to an interven-
tion including only height-adjustable workstations and
organizational strategies.
The three-arm design and objective measurement of
sitting time are the key strengths of this study. However,
there were a number of limitations. The sample size was
small. However, the sociodemographic characteristics of
the three groups involved are broadly comparable with
ofﬁce workers involved in previous sedentary behavior
studies,5,9,14,16,18 noting that the range of such character-
istics has varied widely across the various studies. Like-
wise, the study was not powered for all outcomes
examined, and it was not possible to fully randomize
all intervention groups for reasons outlined in the
Methods. Although all analyses controlled for baseline
values and tested sociodemographic as well as workplace
characteristics for potential confounding, the possibility
that unmeasured confounders may have affected the
results cannot be ruled out and true cause and effect
cannot be claimed. Furthermore, with regard to the
recruitment of study groups, the response rate in the
Neuhaus et al / Am J Prev Med 2014;46(1):30–4038
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comparison group was low (3% in comparison to 46%
and 69% in the multi-component and workstations-only
group, respectively). However, although the two inter-
vention groups were recruited from desk-based admin-
istrative staff groups only, the recruitment e-mail for the
comparison group was sent to all staff working on this
campus (i.e., including staff who are not desk-based, such
as agricultural ﬁeld workers).
Key reasons for the choice of the desk-mounts used in
this study were their ability to retro-ﬁt existing ofﬁce
furniture as well as their substantially lower cost in
comparison to fully height-adjustable desks. However,
some design ﬂaws were apparent in this study (i.e., lost
desk-space, non-adjustable computer screen distance to
eyes). Considering the rapid advancements in design and
increasing demand for height-adjustable furniture, fully
height-adjustable desks are becoming increasingly more
affordable; it is recommended that these newer models be
used in future research. Finally, this study examined only
short-term (3 months) results. Future studies should
examine the sustainability (over 6 months or more) of
reductions in workplace sitting time following intervention.
Incorporating the increasing evidence base on successful
strategies to reduce ofﬁce-workers’ sitting time (e.g.,
height-adjustable desks) into OHS policies may be crucial.
Conclusion
This is the ﬁrst study to suggest that multi-component
programs targeting workplace sitting may achieve more
substantial reductions in ofﬁce workers’ sitting time than
the provision of height-adjustable desks alone. These
ﬁndings have important practical and ﬁnancial implica-
tions for workplaces considering interventions to reduce
sitting time among staff.
The authors would like to thank all participating UQ units,
their management, and study participants. Further, we would
like to acknowledge UQ’s Deputy Director OH&S Division,
Kris Fraser, who provided consultation on the use of the
workstations in line with the university’s OHS guidelines.
Finally, the authors thank Dr ElisabethWinkler for her support
regarding data processing and statistical analyses.
MN was supported by an Australian Postgraduate Award
Scholarship. GNH was supported by a National Health and
Medical Research Council (NHMRC; No. 569861) and Heart
Foundation (No. PH 12B 7054) Fellowship. DWD was
supported by an Australian Research Council Future Fellow-
ship (No. FT100100918). NO was supported by an NHMRC
Program Grant (No. 569940) and a Senior Principal Research
Fellowship (NHMRC; No. 1003960). EGE was supported by a
NHMRC Senior Research Fellowship (No. 511001).
Funding source for the trial: Australian Postgraduate Award
Scholarship, UQ School of Population Health Top-Up Scholar-
ship and research student funding, Queensland Health Core
Infrastructure Funding, and UQ Major Equipment and Infra-
structure and NHMRC Equipment Grant.
Height-adjustable workstations were provided by Ergotron
(www.ergotron.com). DWD presented at the Juststand Well-
ness Summit, a conference organized by Ergotron, in 2012 and
GNH presented at the same summit in 2013. Ergotron covered
travel and accommodation expenses for both DWD and GNH.
No further honoraria or imbursements were received. The
funding bodies had no inﬂuence on the conduct or the ﬁndings
of the study.
No other ﬁnancial disclosures were reported by the authors
of this paper.
References
1. Gerr F, Marcus M, Ensor C, et al. A prospective study of computer
users: I. Study design and incidence of musculoskeletal symptoms and
disorders. Am J Ind Med 2002;41(4):221–35.
2. Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in adults
and the association with diabetes, cardiovascular disease and death:
systematic review and meta-analysis. Diabetologia 2012;14:14.
3. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors
and subsequent health outcomes in adults: a systematic review of
longitudinal studies, 1996–2011. Am J Prev Med 2011;41(2):207–15.
4. Healy GN, Dunstan DW, Salmon J, et al. Breaks in sedentary time—
beneﬁcial associations withmetabolic risk. Diabetes Care 2008;31(4):661–6.
5. Alkhajah TA, Reeves MM, Eakin EG, Winkler EAH, Owen N, Healy
GN. Sit–stand workstations: a pilot intervention to reduce ofﬁce sitting
time. Am J Prev Med 2012;43(3):298–303.
6. Thorp AA, Dunstan D, Clark B, Gardiner P, Healy GN, Keegel T.
Stand Up Australia: sedentary behaviour in workers. Docklands,
Victoria, Australia: Medibank Private Limited, 2009.
7. Ryan CG, Grant PM, Dall PM, Granat MH. Sitting patterns at work:
objective measurement of adherence to current recommendations.
Ergonomics 2011;54(6):531–8.
8. Evans RE, Fawole HO, Sheriff SA, Dall PM, Grant M, Ryan CG. Point-
of-choice prompts to reduce sitting time at work: a randomized trial.
Am J Prev Med 2012;43(3):293–7.
9. Thorp AA, Healy GN, Winkler E, et al. Prolonged sedentary time and
physical activity in workplace and non-work contexts: a cross-sectional
study of ofﬁce, customer service and call centre employees. Int J Behav
Nutr Phys Act 2012;9:128.
10. Owen N, Bauman A, BrownW. Too much sitting: a novel and important
predictor of chronic disease risk? Br J Sports Med 2009;43(2):81–3.
11. Nerhood HL, Thompson SW. Adjustable sit-stand workstations in the
ofﬁce. Proceedings of the Human Factors and Ergonomics Society 38th
Annual Meeting; 1994 Oct 24–28; Nashville TN, 668–72.
12. Winkel J, OxenburghM. Towards optimizing physical activity in VDT/
ofﬁce work. In: Sauter S, Dainoff M, Smith M, eds. Promoting health
and productivity in the computerized ofﬁce. Bristol PA: Taylor &
Francis/Hemisphere, 1991:94–117.
13. Healy GN, Lawler S, Thorp A, et al. Reducing prolonged sitting in the
workplace (an evidence review: full report). Melbourne, Australia:
Victorian Health Promotion Foundation, 2012.
14. Pronk NP, Katz AS, Lowry M, Payfer JR. Reducing occupational sitting
time and improving worker health: the Take-a-Stand Project, 2011.
Prev Chronic Dis 2012;9(110323).
Neuhaus et al / Am J Prev Med 2014;46(1):30–40 39
January 2014
Author's personal copy
15. Hedge A. Effects of an electric height-adjustable worksurface on self-
assessed musculoskeletal discomfort and productivity in computer
workers. Ithaca NY: Cornell University, Design and Environment
Analysis, 2004.
16. Gilson ND, Suppini A, Ryde GC, Brown HE, Brown WJ. Does the use
of standing “hot” desks change sedentary work time in an open plan
ofﬁce? Prev Med 2012;54(1):65–7.
17. Ellegast R, Weber B, Mahlberg R. Method inventory for assessment of
physical activity at VDU workplaces. Work Stress 2012;41:2355–9.
18. Healy GN, Eakin EG, La Montagne AD, et al. Reducing sitting time in
ofﬁce workers: short-term efﬁcacy of a multicomponent intervention.
Prev Med 2013;57(1):43–8.
19. Straker L, Abbott RA, Heiden M, Mathiassen SE, Toomingas A. Sit-
stand desks in call centres: associations of use and ergonomics
awareness with sedentary behavior. Appl Ergon 2013;44(4):517–22.
20. Wilks S, Mortimer M, Nylén P. The introduction of sit-stand
worktables; aspects of attitudes, compliance and satisfaction. Appl
Ergon 2006;37:359–65.
21. LaMontagne AD, Noblet AJ, Landsbergis PA. Intervention develop-
ment and implementation: understanding and addressing barriers to
organisational-level interventions. In: Biron C, Karanika-Murray M,
Cooper CL, eds. Improving organisational interventions for stress and
well-being. New York: Routledge, 2012.
22. Pronk NP, Kottke TE. Physical activity promotion as a strategic
corporate priority to improve worker health and business performance.
Prev Med 2009;49(4):316–21.
23. Owen N, Sugiyama T, Eakin EE, Gardiner PA, Tremblay MS, Sallis JF.
Adults’ sedentary behavior determinants and interventions. Am J Prev
Med 2011;41(2):189–96.
24. Bandura A. Health promotion by social cognitive means. Health Educ
Behav 2004;31(2):143–64.
25. AbrahamC, Michie S. A taxonomy of behavior change techniques used
in interventions. Health Psychol 2008;27(3):379–87.
26. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French
DP. A reﬁned taxonomy of behaviour change techniques to help people
change their physical activity and healthy eating behaviours: the
CALO-RE taxonomy. Psychol Health 2011:1–20.
27. The University of Queensland OSD. Computer workstations:
design and adjustment. In: Queensland TUo, ed. www.uq.edu.au/
ohs/ERGO/ERGO-CompWS-Guideline.pdf: The University of
Queensland, 2009.
28. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a
novel activity monitor in the measurement of posture and motion
during everyday activities. Br J Sports Med 2006;40(12):992–7.
29. Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and
reliability of a novel activity monitor as a measure of walking. Br J
Sports Med 2006;40(9):779–84.
30. Sundstrom E, Town JP, Rice RW, Osborn DP, Brill M. Ofﬁce noise,
satisfaction, and performance. Environment and Behavior 1994;26(2):
195–222.
31. Sanderson K, Tilse E, Nicholson J, Oldenburg B, Graves N. Which
presenteeism measures are more sensitive to depression and anxiety? J
Affect Disord 2007;101(1–3):65–74.
32. Dickinson CE, Campion K, Foster AF, Newman SJ, Orourke AMT,
Thomas PG. Questionnaire development—an examination of the nordic
musculoskeletal questionnaire. Appl Ergon 1992;23(3):197–201.
33. Abdi H. The Bonferonni and Šidák corrections for multiple compar-
isons. In: Salkind NJ, ed. Encyclopedia of measurement and statistics.
Thousand Oaks CA: Sage, 2007:103–7.
34. Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection
of variables in logistic regression. Source Code Biol Med 2008;3:17.
35. Bendel RB, Aﬁﬁ AA. Comparison of stopping rules in forward stepwise
regression. Am Statist Assoc 1977;72(357):46–53.
36. Batterham AM, Hopkins WG. Making meaningful inferences about
magnitudes. Int J Sports Physiol Perform 2006;1(1):50–7.
37. Dunstan DW, Kingwell BA, Larsen R, et al. Breaking up prolonged
sitting reduces postprandial glucose and insulin responses. Diabetes
Care 2012;35(5):976–83.
38. Healy GN, Matthews CE, Dunstan DW, Winkler EAH, Owen N.
Sedentary time and cardio-metabolic biomarkers in US adults:
NHANES 2003–2006. Eur Heart J 2011;32(5):590–7.
Appendix
Supplementary data
Supplementary data associated with this article can be found at
http://dx.doi.org/10.1016/j.amepre.2013.09.009.
Neuhaus et al / Am J Prev Med 2014;46(1):30–4040
www.ajpmonline.org
Workplace Sitt ing and Height-Adjustable Workstations 
A Randomized Controlled Trial  
Maike Neuhaus, MPsych, Genevieve N Healy, PhD, David W Dunstan, PhD, Neville Owen, PhD, Elizabeth G Eakin, PhD 
 
 
 
Appendix A 
Self -reported musculoskeletal  symptoms and work-related outcomes in each group at basel ine and 3-months fol low-up 
Measure 
Mult icomponent intervention 
(n=13) 
Workstation-only intervention 
(n=13) 
Comparison group 
(n=14) 
Baseline, %  Fol low-up, %    p Baseline, % Follow-up, %    p Baseline, % Follow-up, %    p 
Work-related outcomes          
Work-performance 8.2 (1.2) 8.2 (1.4) >0.999 7.3 (1.9) 8.1 (0.9) 0.201 7.9 (1.1) 8.1 (1.0) 0.189 
>1 Sick days (last month) 62 (8) 62 (8) >0.999 54 (7) 54 (7) >0.999 36 (5) 57 (8) 0.453 
>1 days worked while 
suffering health problems 
(last month) 
54 (7) 69 (9) 0.625 62 (8) 69 (9) >0.999 43 (6) 64 (9) 0.250 
Musculoskeletal symptoms          
Neck 100 (13) 77 (10) N/A 46 (6) 54 (7) >0.999 71 (10) 57 (8) 0.500 
Shoulders 54 (7) 77 (10) 0.250 46 (6) 54 (7) >.999 50 (7) 57 (8) >0.999 
Elbows 8 (1) 15 (2) >0.999 23 (3) 15 (2) >0.999 7 (1) 14 (2) >0.999 
Wrist/hands 23 (3) 23 (3) >0.999 46 (6) 39 (5) >0.999 21 (3) 36 (5) 0.625 
Upper back 62 (8) 39 (5) 0.375 46 (6) 31 (4) 0.500 43 (6) 43 (6) >0.999 
Lower back 62 (8) 77 (10) 0.625 77 (10) 62 (8) 0.500 43 (6) 50 (7) >0.999 
Hips/thighs/buttocks 23 (3) 31 (4) >0.999 31 (4) 31 (4) >0.999 21 (3) 43 (6) 0.250 
Knees 39 (5) 15 (2) 0.250 46 (6) 23 (3) 0.250 7 (1) 29 (4) 0.250 
Ankles/feet 31 (4) 8 (1) 0.250 15 (2) 15 (2) >0.999 21 (3) 29 (4) >0.999 
Work-performance: p-values based on paired t-test; values represent means (SD) on 1-10 scale; all other outcomes: p-values based on McNemar test; absenteeism, 
presenteeism, and musculoskeletal symptoms are presented as % (n) of group who answered with ‘yes’; within-group changes ≥20% are highlighted in bold  
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4.3 Methods not reported in the paper 
The next three sections describe the methods used for the Stand Up UQ study that were 
not otherwise reported in the journal article. This includes the initial procedure for the 
approval of the sit-stand workstations by the university’s OHS division; additional 
outcomes measured during the study assessments; the follow-up assessment at 12 
months post-baseline; and, qualitative interviews conducted with both intervention group 
participants and managers immediately following the study and 16-months post-study end. 
4.3.1 Initial meetings for the recruitment of study groups 
In conjunction with the recruitment of the three study groups, the director of the UQ 
Wellness division consulted the university’s OHS department about the compatibility of the 
sit-stand workstations that were to be used for the intervention with the university’s OHS 
standards. A meeting was arranged during which OHS staff inspected the workstations, 
resulting in a detailed report being produced (Appendix C.1). While the workstations were 
not entirely aligned with the university’s OHS guidelines, approval was given to use them 
for research purposes. 
4.3.2 Additional outcomes measured 
In addition to the activity-, health- and work-related outcomes described in the paper 
above, activity-related outcomes across all waking hours were examined at baseline and 3 
months to explore the potential for compensation of sedentary reductions during work 
hours. Furthermore, the following outcomes were measured during the study assessments 
at baseline, 3 months and 12 months:  
Body composition (percentage body fat and percentage body water) was measured with 
shoes, socks, and heavy clothing and jewellery removed using electronic bio-impedance 
scales (Soehnle-Waagen GmbH & Co.KG, Backnang, Germany). 
Fasting blood profile (total cholesterol, high-density lipoprotein (HDL) cholesterol and 
triglycerides) and glucose were measured using a 35μL whole-blood sample via fınger 
stick. Blood samples were analysed using a Cholestech LDX Analyzer, which have shown 
excellent validity compared with laboratory-based analysis (r=0.92) (148, 149). 
4.3.3 Follow-up at 12 months 
To examine if potential reductions in workplace sedentary time were maintained over time, 
an additional assessment was conducted with participants of both intervention groups 12 
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months post-baseline (i.e. 9 months after the final intervention contact in the multi-
component intervention group). Both intervention groups kept the sit-stand workstations 
during the entire study period. However, no further intervention elements were 
implemented in either of the two groups. This third assessment followed the same 
procedure as the first two and included measurement of the additional outcomes described 
above (body composition and a fasting blood profile). 
4.3.4 Qualitative feedback interviews 
Following the end of the Stand Up UQ study in March 2013, semi-structured qualitative 
interviews were conducted with the managers (face-to-face) and remaining participants 
(via telephone) of both intervention groups. The aim of these interviews was to collect 
information regarding the experience with the study such as barriers to study 
implementation and the potential of long-term uptake of intervention strategies. The 
interview protocols are provided in Appendix D.1. In July 2014, 16 months after the end of 
the Stand Up UQ study, brief follow-up interviews were conducted with the managers from 
both intervention groups as well as the university’s OHS director to examine if participation 
in this study had any longer-term impact on the routines and practices of these groups 
and/ or any wider implications within the university. 
4.3.5 Sample size calculations 
As stated in the associated journal article, the trial aimed to recruit 15 and retain at least 
13 participants in each arm at the end of 3 month assessment. This was based on sample 
size calculations conducted in Stata (version 11.2), which revealed this to be sufficient to 
achieve at least 80% power (5% significance, two-tailed), for the detection of differences in 
the primary outcome (workplace sedentary time) between the multi-component 
intervention group and the comparison/ workstations-only group of 70/90 minutes per 8-
hour workday, respectively. While it was anticipated that these group sizes were unlikely to 
be retained until the final 12-month assessment (and thus, the 12-month findings were 
likely to be underpowered), collecting these data was nevertheless considered informative 
given the infancy of research regarding the sustainability of sedentary time reductions as 
reported by Study 1 of this PhD research. Minimum detectable differences for the other 
activity monitor outcomes were: 75/95 minutes for standing; 85/95 minutes for prolonged 
sitting; and, 15/15 minutes for stepping between the multi-component group versus the 
comparison/workstations-only group, respectively. Furthermore, based on these sample 
size calculations, this study was a priori underpowered for the detection of changes 
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regarding secondary outcomes described in Section 4.3.2 at both assessments (99). 
However, collecting these data was considered important for informing further research 
about the potential improvements in cardio-metabolic outcomes. To inform whether effects 
on fasting blood profiles were potentially meaningful, clinically relevant changes 
encompassed within the confidence intervals were considered (150). 
4.3.6 Data analyses 
Follow-up data at 12 months were analysed in 2013 using PASW Statistics, version 
20.0.0, with statistical significance at p<0.05 (two-tailed). Within-group changes were 
assessed by paired t-tests (normal data) or Wilcoxon signed rank test (non-normal data). 
To analyse potential differences between the two intervention groups, mixed models were 
calculated with adjustment for baseline values of the outcome. While statistical power was 
unlikely to be sufficient for the detection of statistically significant differences in workplace 
sedentary time (see previous section), any reduction of ≥ 30 minutes per 8-hour workday 
was considered as meaningful (see Section 3.2). Furthermore, an attenuation of sedentary 
time reductions >15 min from 3 to 12 months was considered meaningful (i.e. <1/2 of what 
was considered a meaningful reduction). Given the secondary focus of the qualitative 
interviews, formal qualitative methods were not applied, with data being presented as 
narrative. 
4.3.7 Missing data 
The flow of participants through the Stand Up UQ study and the reasons for withdrawal are 
displayed in Figure 4.1. From baseline to the 12-month assessment, seven participants 
were retained in each intervention group. While these attrition rates (44% in multi-
component group; 50% for workstations-only group) are higher than what would usually be 
expected (151), three participants were lost in each group for reasons unrelated to study 
participation such as maternity leave or job relocation. Considering the small sample sizes, 
imputation of missing data was not feasible. Accordingly, quantitative data analyses were 
conducted with completers only (i.e. 7 per group at 12 months; see Figure 4.1 and Table 
4.4). In recognition of the implications for results interpretation, the main focus of the 12-
month results is on the trends observed in workplace sedentary time. While further 
analyses regarding health- and work-related outcomes were conducted, the small sample 
sizes per group at 12 months did not allow for interpretation of results. Therefore, only the 
results of additional outcomes measured at 3 months that were not presented in the 
published article (body composition and fasting blood profile) are presented below.  
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Figure 4.1. Participant flow through the Stand Up UQ study from baseline to 12 months. 
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4.4 Results not reported in the published paper 
4.4.1 Activity-related outcomes during all waking hours at baseline and 3 
months 
The within group changes in activity-related outcomes during all waking hours from 
baseline to 3 months largely reflect the changes observed during work hours. Table 4.1 
shows the within-group changes in these outcomes across the three study groups.
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Table 4.1 Baseline and 3 month within-group changes in activity-related outcomes across study groups during all waking hours 
 Multi-component group Workstations-only group Control group 
   mean (SD) mean (SD) mean (SD) 
Measure 
Baseline 
(n=14) 
3 months 
(n=12) 
p Baseline 
(n=14) 
3 months 
(n=13) 
p Baseline 
(n=14) 
3 months 
(n=13) 
p 
Stand Up 
Standing time, mins/16hrs  229 (50) 308 (74) .013 233 (40) 281 (54) .001 229 (42) 255 (43) .071 
Sit-to-stand transitions, 
n/hour of sitting  6.0 (1.3) 7.2 (2.1) .005 5.8 (1.0) 6.2 (0.9) .011 5.6 (1.7) 6.1 (1.9) .081 
Sit Less 
Sitting time, mins/16hrs 630 (61) 553 (79) .018 616 (50) 573 (55) .001 606 (66) 586 (59) .265 
Time accrued in 
prolonged sitting ≥30 
mins, mins/16hrs 
280 (69) 260 (76) .428 276 (75) 271 (69) .792 309 (89) 285 (98) .242 
Move More 
Stepping mins/16hrs 100 (23) 99 (27) .806 109 (24) 106 (21) .381 123 (27) 119 (30) .586 
*MVPA MET mins/16hrs 15.4           
(7.8, 27.1) 
19.6  
(8.4, 26.2) 
.480 
11.3 
(6.1, 23.9) 
14.3 
(6.3, 29.7) 
.861 
10.3 
(6.4, 23.9) 
13.4  
(4.0, 28.9) 
.861 
Steps, n/16hrs 2069 (517) 1901 (974) .396 2347 (579) 2281 (560) .461 2482 (607) 2410 (644) .614 
p-values are based on paired t-tests for normally distributed outcomes, with means (SD) reported; * p-values are based on Wilcoxon 
test for non-normally distributed outcomes with median (25th percentile, 75th percentile) reported; mins/16-hrs = minutes during all 
waking hours, standardized to 16 hours of waking time (i.e. standardized mins = mins * 16/ observed hours during the day)
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4.4.2 Body composition and fasting blood profile outcomes 
The baseline and 3-month changes in the body composition and fasting blood profile 
outcomes are presented in Tables 4.1 and 4.2, respectively. All blood values from all 
groups were within the healthy range (152). No statistically significant changes were 
observed. While meaningful changes could not be ruled out entirely, given the width of the 
confidence intervals the results are inconclusive (see Table 4.2).  
Table 4.2 Baseline values of body composition and fasting blood profile 
 MC (n=13) WO (n=12) C (n=14) 
Body composition    
% Body fat 33.1 (5.5) 31.4 (7.6) 33.9 (10.8) 
% Body water 48.8 (4.1) 49.0 (4.7) 47.8 (6.4) 
Fasting blood profile    
Total cholesterol (mmol/L) 5.1 (0.8) 4.7 (1.0) 4.8 (0.9) 
Triglycerides (mmol/L) 1.0 (0.7, 1.5) 1.0 (0.7, 1.3) 1.2 (0.8, 1.4) 
HDL-cholesterol (mmol/L) 1.5 (0.3) 1.4 (0.5) 1.4 (0.4) 
LDL-cholesterol (mmol/L) 3.0 (0.6) 2.5 (1.2) 2.7 (1.2) 
Glucose (mmol/L) 4.8 (0.5) 4.8 (0.4) 5.3 (1.0) 
Note: means (SD) are reported for normally distributed outcomes; median (25th percentile, 
75th percentile) are reported for non-normally distributed outcomes; MC= Multi-component 
intervention group; WO= Workstations-only intervention group; C= Control group 
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Table 4.3 Baseline-adjusted between-group differences at 3 months for body composition and fasting blood profile 
Measure 
MC (n=13)  
vs. C (n=14) 
WO (n=12)  
vs. C (n=14) 
MC (n=13)  
vs. WO (n=12) 
Overall-
effect of 
arm 
Mean difference 
 (95% CI) 
p 
Mean difference 
(95% CI) 
p 
Mean difference 
(95% CI) 
p p 
Body composition        
% Body fat -0.9 (-2.5, 0.8) .296 -1.3 (-3.1, 0.4) .123 0.5 (-1.2, 2.2) .587 .285 
% Body water 0.8 (-1.0, 2.5) .393 0.5 (-1.3, 2.3) .566 0.2 (-1.6, 2.0) .790 .680 
Fasting blood profile        
Cholesterol-total (mmol/L) -0.1 (-0.5, 0.3) .530 -0.1 (-0.5, 0.3) .594 0.0 (-0.4, 0.4) .933 .788 
a Triglycerides (mmol/L) RR=0.9 (0.7, 1.2) .514 RR=0.9 (0.7, 1.2) .625 RR=1.0 (0.8, 1.3) .890 .791 
HDL-cholesterol (mmol/L) 0.0 (-0.2, 0.1) .866 0.0 (-0.2, 0.1) .593 0.0 (-0.1, 0.2) .719 .861 
LDL-cholesterol (mmol/L) -0.1 (-0.8, 0.6) .742 -0.1 (-0.9, 0.6) .714 0.0 (-0.8, 0.8) .968 .919 
Glucose (mmol/L) 0.2 (-0.2, 0.6) .217 0.1 (-0.3, 0.5) .602 0.1 (-0.1, 0.5) .481 .457 
* p<0.05 for change from baseline (paired t-test); a values reported are back-transformed from natural log scale; differences are 
interpreted as relative rates (RR), e.g. the back-transformed mean for the high-intensity intervention group divided by the back-
transformed mean for the control group; MC= Multi-component intervention group; WO= Workstations-only intervention group; C= 
Control group 
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4.4.3 Activity-related outcomes at 12 months  
The change in activity-related outcomes from baseline and 12 months in the two 
intervention groups is illustrated in Figure 4.2 and reported in Table 4.4. As Figure 4.2 
shows, there was an overall decline in workplace sedentary time and standing time 
outcomes in the multi-component intervention group following the end of intervention at 3 
months, while this decline was not observed in the workstations-only intervention group. 
 
  
  
Figure 4.2. Within-group changes in activPAL outcomes of completers from baseline to 12 
months; MC= Multi-component intervention group (n=7), WO= Workstations-only 
intervention group (n=7); C=Control group; note: no data was collected from control group 
participants at 12 months. 
At 12 months, the difference in workplace sedentary time reduction between the two 
intervention groups was 36 minutes/ 8-hour workday (95% CI= -83, 11; p= .125). From 3 to 
12 months, workplace sedentary time increased in multi-component intervention group 
participants by an average of 23 minutes/ 8-hour workday (95% CI= -55, 8; p= .138). In the 
workstations-only intervention group, sedentary time reductions were maintained (<15 
minute change) from 3 to 12 months. 
A similar pattern was observed regarding prolonged workplace sedentary time and 
workplace standing time in both groups. The between-groups difference in prolonged 
workplace sedentary time remained largely unchanged from 3 to 12, while an overall 
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increase of 32 minutes/ 8-hour workday (95% CI= -12, 75; p= .144) was observed in the 
multi-component intervention group. A change in workplace standing from 3 to 12 months 
was observed only in the multi-component intervention group (-20 minutes/ 8-hour 
workday (95% CI= -62, 21 p= .309). However, the difference in workplace standing time 
between the two intervention groups was still nearly an hour (54 minutes/ 8-hour workday; 
95% CI= -3, 11; p= .063) at 12 months. Finally, in contrast to what would be expected, a 
significant between-groups difference was observed regarding workplace time spent 
stepping of 10 minutes/ 8-hour workday (95% CI= -18, 2; p= .015) in favour of the 
workstations-only group. 
Table 4.4 Within and between-group changes in activPAL outcomes of completers 
 12M Δ (95%CI) 
(n=14) 
p 3M Δ vs. 12M Δ 
(95%CI)(n=14) 
p 
Standing minutes per 8-hour workday 
Multi-component 91 (52, 131)  -20 (-62, 21) .309 
Workstations-only 38 (-2, 77)  -6 (-47, 36) .769 
Difference 54 (-3, 111) .063 -15 (-73, 44) .601 
     
Sitting minutes per 8-hour workday 
Multi-component -86 (-120, -53)  23 (-55, 8) .138 
Workstations-only -50 (-83, -17)  1 (-30, 30) .933 
Difference -36 (-83, 11) .125 25 (20, -69) .258 
     
Prolonged sitting minutes per 8-hour workday 
Multi-component -28 (-66, 11)  32 (-12, 75) .144 
Workstations-only -37 (-75, 2)  -5 (-47, 38) .822 
Difference  9 (-46, 63) .753 36 (-24, 97) .229 
     
Stepping time minutes per 8-hour workday 
Multi-component 1 (-4, 6)  -1 (-6, 5) .809 
Workstations-only 11 (5, 16)  10 (-4, 15) .003* 
Difference -10 (-17, -2) .014* -10 (-18, 2) .015* 
Note: values are based on mixed models analyses and presented as mean change (95% 
Confidence Interval; 3M Δ= change from baseline to 3 months; 12M Δ= change from 
baseline to 12 months; *values are significant at <0.5. 
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4.4.4 Qualitative feedback immediately post study completion 
The following sections provide a summary of the qualitative feedback interviews with the 
study groups that occurred immediately following the final (12 month) assessment. First, 
the results from the interviews with the multi-component intervention group manager and 
participants are reported. This is followed by a summary of the interviews with the 
workstations-only group manager and participants. 
Feedback from multi-component intervention group manager 
Overall, the manager of the multi-component intervention group was very satisfied with the 
Stand Up UQ study - “It ran very smoothly from start to finish. Even the roll-out of setting 
up the machines [i.e. sit-stand workstations] seems to have happened very seamlessly – 
no problems, no staff complaining about anything or worried. In fact, the number of staff 
that came up and wanted to be part of it increased after the workstations had already been 
set-up…I think it was very well organised”.  
In particular, this manager appreciated the opportunity of participating in the study to show 
her staff that she cared about their health and wellbeing – “I can’t tell you enough that as a 
manager and especially here where there are a lot of people in our office, it is extremely 
powerful for the manager of an organisation to be able to say ‘You are really important to 
me and therefore I want you to participate in this because there is a chance that you might 
gain something personally out of this. Not just me workwise in terms of productivity or 
something, but you personally… And this is a way to say that I care and I want you to 
come to a workplace that can offer you something of benefit’”.  
When asked if the organisational routines or norms around sitting and standing at work 
had changed in her workplace, she replied: “The feedback I got from staff is that they really 
welcomed it and that they really enjoyed it – standing up and sitting down and it is very 
odd now that they [the sit-stand workstations] have been taken away. And it’s odd to see 
because whenever I’m approaching I think ‘What’s different? That’s right – you’re sitting!’ 
So that’s different. They were really standing all the time and clearly enjoying it. [Staff 
name] actually also as a result does the standing thing in meetings quite often. She will 
stand up and then she’ll say ‘feel free to stand up if you need to”. 
However, this manager also mentioned barriers to standing in meetings outside of her own 
team, where the culture around standing and sitting had not changed – “I certainly now 
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choose to stand up at all-staff meetings and it was because you came to two or three of 
them right? And so I stood up and now I stand up. But other meetings I go to, senior 
faculty meetings etc. – no, I sit down. Yeah I don’t know but a lot of those meetings are 
with senior staff that may only know about the basics around what we’ve done here”.  
She did not perceive any loss (or increase) regarding productivity among her staff through 
any of the intervention elements (including walking over to colleagues instead of emailing 
them) – “It’s hard for me to work out whether it’s good, right, because I don’t have the 
metrics to measure that. I can’t say that I think without them I would have gotten less work 
or productivity. I just think that it was good for them. And what’s good for them becomes 
good for me”.  
In this manager’s opinion, all of her staff would benefit from having a sit-stand workstation. 
When asked about whether she thinks that her staff would benefit from additional 
strategies such as coaching sessions and/ or management emails to reduce workplace 
sedentary time, she said: “‘I think everyone to start. At least to start they will need 
additional support. And again, it’s just a reminder until it becomes a habit. I think we all 
need that support in the beginning and then the reminders”. 
At the time of this interview, this manager’s group was preparing to move into new office 
spaces within the next year. While budget constraints were a barrier for the purchase of 
sit-stand workstations for all of her staff, she was trying to fit out the new offices with as 
many sit-stand desks as possible. When asked whether she had any additional future 
strategies in place for reducing sedentary time in her workplace, she replied that she plans 
to revise the induction training to include instructions on the appropriate use of the new sit-
stand workstations. As she perceives staff education and continuous reminders from 
management to reduce sedentary time as key factors for intervention success, she also 
plans to show ongoing support of less sitting and other health behaviours via continued 
manager emails three to four times per year. 
Feedback from multi-component intervention group participants 
Of the seven participants who were retained in the multi-component intervention group 
until the end of the Stand Up UQ study, six completed the qualitative feedback interview. 
Overall, these participants were very satisfied with the study, reflecting the positive 
feedback of their manager. When asked about perceived advantages and disadvantages 
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of more standing at work, participants listed a number of advantages including improved 
health, in particular improvements in lower back pain, energy and productivity – ‘Just 
having the option to sit or stand was great. I felt more energised and my back wasn’t as 
sore as usual’. 
The most commonly mentioned disadvantage was related to the design flaws of the sit-
stand desk-mount used in the study, such as reduced desk space, limited space for the 
mouse, not being sturdy enough and non-adjustable computer screen distance – ‘The 
desk took up a lot of room which was a bit annoying at times.’ ‘It took me a few months to 
get used to it, but then I really got into it and I really miss it now’. Another mentioned 
disadvantage was the need to consider appropriate shoe wear (i.e. flat shoes). 
Participants mentioned an increased awareness of excessive sedentary time as well as 
higher acceptability of standing in the workplace as a consequence of the study. 
Interestingly, they also noted a steady decline in standing during meetings once the sit-
stand workstations (located in individual office spaces) were de-installed at the end of the 
study – ‘When everyone still had their desks, there was quite a lot of standing in our 
meetings. But once they had lost their desks they also went back to sitting in meetings’. 
All participants thought that the workstations and other intervention strategies had a 
neutral or beneficial impact on their productivity. ‘Even though the desk was not perfect I 
felt like I achieved more throughout the working day’. They also perceived great support 
from their manager. In particular, they appreciated the emails she sent out in support of 
the study’s key messages (i.e. the manager emails sent as part of the intervention 
protocol) – ‘We got emails from her, which was great. They brought everyone onto the 
same page and encouraged you to try things. I reckon if she would do that again it would 
help me to get into better habits again’. Finally, when asked about what strategies they are 
likely to continue, participants expressed the motivation to keep standing in meetings; 
however, while standing in smaller team meetings still seemed to be common practice at 
present, they also expressed a need for a higher-level staff or chair-person to initiate and/ 
or publically welcome standing during larger team meetings to overcome a ‘hierarchy 
issue’. Among other strategies participants said they were likely to continue were: taking 
the stairs instead of the lift; walking over to colleagues instead of emailing them; and, 
standing up to answer the phone. 
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Feedback from the workstations-only intervention group manager 
Similar to the manager of the multi-component intervention group, the manager of the 
workstations-only intervention group was very satisfied with the study – ‘It was a very 
participative process ‘Is this going to work or is that going to work or might this work better 
for you…?’ etc., sending people out times to have their monitors and their checks and 
working like that even outside of normal work hours… I thought all of that was perfect. Not 
a single piece of negative feedback’. However, this manager perceived a relatively 
negative attitude in her group regarding the sit-stand workstations. She noted that while 
staff loved having the option to sit or stand, they continuously complained about the design 
flaws of the workstations and that they were impeding on work performance when used in 
standing position – ‘They just did not like them. They loved having the opportunity to be 
able to stand up, but they couldn’t work with the particular type of workstation…They 
couldn’t get through all their paperwork when standing, they weren’t comfortable using 
their phone because they were aware of noise disruptions, …they had trouble with the 
mouse etc…So they tended to have it down and sitting’. 
Furthermore, she did not perceive any change regarding organisational culture or 
practices around sitting and standing such as standing meetings – ‘People would probably 
go ‘What are you doing?’ But they certainly would never feel ostracised in any way 
because they were doing it’. However, she mentioned that those who used the 
workstations regularly became ‘more approachable’ altogether, thus having a positive 
impact on the social culture in the workplace. 
This manager has a sit-stand desk herself now with a fully height-adjustable desk surface 
(as opposed to the desk mounts used in this study) and wind-up mechanism. Notably, she 
does not use it to change her posture regularly as finds it too tedious to wind it up or down 
– “It’s 37 iterations to get it up or down, so I’m just not going to do it.” Since the end of the 
Stand Up UQ study, this manager has acquired funds for the purchase of ten electronic sit-
stand workstations with a fully height-adjustable desk surface. 
Feedback from workstations-only intervention group participants 
Of the seven participants who were retained in the workstations-only intervention group 
until the end of the Stand Up UQ study, five completed the qualitative feedback interview. 
Overall, the participants were very satisfied with the study and perceived many 
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advantages to increased standing at work – ‘Just health wise - it made you feel better and 
I didn’t feel as tired’. However, in line with the feedback from the manager, lots of negative 
feedback was noted regarding the design of the workstations. When asked about whether 
the workstations had any impact on their work performance, most participants mentioned 
either a neutral or negative impact due to the design flaws of the workstations – ‘I don’t 
think it had any impact except that you had to work around the flaws of the workstation 
design’. All participants perceived their manager to be supportive of the workers to reduce 
their sitting time. When asked about whether the organisational culture/ norms had 
changed around sitting and standing, mixed answers were given: while some thought 
standing was more accepted and practiced in their workplace, others said that no one 
stands in meetings and is unlikely to do so in the future ‘It is more accepted to stand now’ 
‘No, I can’t see our group having a standing meeting - too many people just like to sit”. 
As mentioned above, following the de-installation of sit-stand workstations at the end of 
the study, the manager of this group purchased ten sit-stand workstations (with a fully 
height-adjustable desk surface as opposed to the desk mounts used in the study) that 
were given to most of the study participants. These participants said that they continuously 
use the workstations to sit less. Those who did not receive a workstation said that they 
tried to remember to stand up regularly. 
Summary of qualitative interviews 
In summary, managers and participants from both intervention groups expressed positive 
feelings about their experiences with the study overall. Participants in both groups 
appreciated having the option to sit or stand at their desks. However, despite both groups 
having received the same workstations, a greater positive attitude was evident among 
multi-component intervention group participants. A noted commonality between the 
feedback from the managers included the opinion that all of their staff would benefit from 
working at sit-stand workstations. However, they also both reported that budget constraints 
posed a major barrier to refurbishing their offices accordingly. Finally, they both perceived 
additional strategies to reduce workplace sedentary time (including education about the 
health impacts of sedentary time, role modelling and continuous reminders) as key to 
successful and sustained sedentary time reductions among their staff. 
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4.4.5 Stand Up UQ: Longer-term follow-up 
Sixteen months following the end of the Stand Up UQ study, both intervention group 
managers as well as the univerit’s OHS director participated in a brief follow-up interview 
conducted by the PhD candidate. 
As mentioned above, the multi-component intervention group was planning to move into a 
newly built office building. When asked if participation in the Stand Up UQ study had any 
impact on this move, this manager explained that she was able to mobilise funding for the 
purchase of electronically-adjustable sit-stand workstations (with fully height-adjustable 
desk surfaces) for 35 of her staff. However, this manager also mentioned significant 
difficulties during the approval process due to scepticism of more senior staff. 
Furthermore, this manager is currently discussing other options to continue encouraging 
her staff to stand up, sit less and move more. This includes a note on meeting agenda 
templates that ‘standing is welcome’, modification of staff induction trainings to include 
appropriate use of the sit-stand workstations and educational seminars around sedentary 
behaviour to her staff. 
A brief interview with the manager of the workstations-only intervention group revealed 
that no further changes have occurred regarding workplace sedentary behaviour in this 
workplace since the end of the Stand Up UQ study. Apart from those ten staff who 
received the new sit-stand workstations, she has not observed any other changes such as 
standing in meetings or other efforts to reduce workplace sedentary time. 
Finally, the university’s OHS Director participated in a brief follow-up interview. She 
explained that the message that prolonged sedentary behaviour can pose a health risk has 
been received by staff across the university over the last few months, mainly through the 
increase in media reports. In particular, she noticed that those workers who are employed 
in occupations with generally lower occupational health risk such as desk-based office 
workers have a much stronger awareness of this health risk behaviour. Accordingly, a shift 
in their expectations regarding work style choices has occurred. These include the 
availability of activity-permissive furniture and/ or routines such as standing-friendly 
meetings. Accordingly, budgetary and office furniture design requirements are now being 
made by an increasing number of departments in order to adopt activity-permissive work 
environments in the near future. 
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4.5 Discussion of the Stand Up UQ study 
The Stand Up UQ study examined the effectiveness of a 3-month multi-component 
intervention to reduce workplace sedentary time in line with the workplace health-
promotion literature (including activity-permissive workstations and strategies targeting 
personal health resources and the psychosocial work environment). Additionally, it 
compared the effectiveness of this intervention to an intervention comprising installation of 
activity-permissive workstations only and a comparison group in a 3-arm trial. 
Results showed that the multi-component intervention resulted in an approximately 3-fold 
greater reduction in workplace sedentary time at 3 months (89 minutes/ 8-hour workday) 
when compared to installation of activity-permissive (sit-stand) workstations only (33 
minutes/ 8-hour workday), though both sedentary time reductions were considered 
meaningful. The results of this study further suggest that the sedentary time reductions 
during work hours do not impact on sedentary time across the whole day. Furthermore, the 
sustainability of these changes was assessed 9 months after completion of the strategies 
targeting personal health resources and the psychosocial work environment (12 months 
post baseline). Here, the sedentary time reductions in the workstations-only group were 
maintained, whereas an increase of 23 minutes/ 8-hour workday was observed in the 
multi-component intervention group. While this was considered a meaningful drop-off (i.e. 
>15 minutes; see Section 4.3.6), there was still a substantial difference of 36 minutes/ 8-
hour workday between the two intervention groups at 12 months. These findings suggest 
that strategies targeting personal health resources and/ or the psychosocial work 
environment in addition to activity-permissive workstations may be needed to achieve 
more substantial reductions in workplace sedentary time than what may be achieved 
through the installation of activity-permissive workstations only. However, provision of the 
additional strategies may be needed on a longer-term or ongoing basis to facilitate 
sustained sedentary time reductions of that magnitude. 
A major limitation of this study was the small sample size, in particular at the 12-month 
follow-up, leading to significant caveats regarding the interpretation of the activity-, health- 
and work-related outcomes. Accounting for approximately half of the attrition rate were 
reasons such as maternity leave and job relocation, both factors commonly reported in 
longer-term workplace studies (153, 154). This further emphasises the need for longer 
duration and larger-scale studies in this field, as already highlighted in Chapter 2. 
However, other reasons for study dropout included shoulder and/ or neck pain and limited 
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desk space, all of which were related to working at the sit-stand workstations. This is an 
important finding regarding the feasibility of the sit-stand desk mounts used in this study. In 
particular, it suggests that there needs to be careful consideration of the numerous 
workstations types available in accordance with the requirements and work-tasks of the 
end-user. Further implications of these findings for research, policy and practice are 
discussed in the next chapter. 
The qualitative feedback from both participants and managers at the end of the study 
showed high acceptability of the study overall and of the multiple intervention components 
specifically. There was high appreciation of participants for having the option to sit or stand 
at work, which has been reported in other studies using such workstations (155, 156). 
However, while participants from both groups made some suggestions regarding 
improvement of the workstation design, a noticeable negative attitude was evident among 
participants from the workstations-only intervention group because of the design flaws of 
the workstations. While the reason for this is not known, it may be attributable to the lack 
of managerial support and encouragement as well as the lack of individual coaching on 
how to overcome barriers experienced throughout the study.
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CHAPTER 5. Discussion 
5.1 Overview 
This PhD research has taken place in the context of a rapidly evolving field of research 
aiming to reduce sedentary time across multiple settings. It is embedded within the 
broader Stand Up Australia program of research, which examines the benefits of reducing 
sedentary behaviour in the workplace. The primary aim of this PhD research was to 
examine the effectiveness of strategies to reduce workplace sedentary time in desk-based 
office workers. 
Throughout this thesis research, the Healthy Workplace Framework (109) was used as a 
guiding model. This model provides structure for the development of workplace health 
behaviour interventions and addresses four key dimensions of health behaviour influence 
in the workplace: the physical work environment; the psychosocial work environment; 
personal health resources; and, enterprise community involvement.  In the context of 
reducing workplace sedentary time, approaches integrating these dimensions are not well 
researched. Furthermore, there are potentially significant resource implications associated 
with intervening on these various dimensions. Given that sitting is a habitual behaviour 
that is strongly influenced by the environments and settings it occurs in, it has been 
suggested that modifications of the physical work environment, such as through 
installation of activity-permissive workstations, may be particularly important in order to 
reduce sedentary time in office-based workplaces (115). However, the evidence to date 
regarding the effectiveness of such workstations to reduce office workers’ sedentary time 
is limited. 
This PhD research addressed these gaps in the current evidence through three studies: a 
systematic review; the development and detailed description of a multi-component 
intervention; and, a 3-arm intervention trial. This chapter provides a brief summary of the 
main findings from these three studies, followed by an integrated discussion of their 
implications for interventions comprising activity-permissive workstations only as well as 
multi-component approaches. This is followed by a discussion of the limitations of this PhD 
research and the current state of evidence in this field, including recommendations for 
future research studies. Based on these findings, recommendations for future policy and 
practice are provided. 
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5.2 Summary of findings across PhD studies 
Study 1 was a systematic literature review examining the effectiveness of activity-
permissive workstations to reduce office workers’ sedentary time. Thirty-eight studies were 
included in the review, with sample sizes ranging from n = 2 to 66. This review found that 
activity-permissive workstations are generally an effective, feasible and functional means 
to reducing workplace sedentary time. However, the current evidence base is limited with 
regard to guidance on how to implement such workstations. In particular, there were few 
studies that evaluated the importance of addressing other key dimensions for behaviour 
change in addition to the physical environment, such as the psychosocial work 
environment or personal health resources. This research gap was addressed by Studies 2 
and 3. 
Study 2 comprised the evidence-guided and systematic development of the Stand Up 
Australia intervention. This intervention included activity-permissive workstations as well 
as strategies targeting personal health resources (e.g. through individual health coaching) 
and the psychosocial work environment (e.g. through presentations to staff) consistent 
with workplace health promotion frameworks. 
Study 3 examined, in a 3-arm controlled field study, the effectiveness of the multi-
component intervention developed in Study 2 and compared it to the effectiveness of 
installing activity-permissive workstations only and to a control group. In this study, the 
multi-component intervention resulted in a 3-fold greater reduction in workplace sedentary 
time at the 3-month assessment compared to the intervention comprising installation of 
activity-permissive workstations only (~90 min vs. ~30 min reduction per 8-hour workday). 
At the 12-month assessment, sedentary time reductions remained unchanged in the 
workstations-only group, while multi-component intervention participants regained 
workplace sedentary time by an average of 23 minutes per 8-hour workday. However, the 
difference in workplace sedentary time between the two intervention groups was still 
substantial, favouring the multi-component group. 
 
These findings have a number of implications regarding the use of activity-permissive 
workstations only vs. targeting workplace sedentary time using multi-component 
approaches. 
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5.3 Implications regarding interventions using activity-permissive 
workstations alone 
5.3.1 Interventions comprising installation of activity-permissive 
workstations only can be an effective means to reduce workplace sedentary time 
In the systematic review of this PhD research (Study 1), which also included results of the 
field study (Study 3), sedentary time was reduced by an average of 77 minutes per 8-hour 
working day following installation of activity-permissive workstations. This is notably higher 
than what has been reported in studies not having used such workstations (118, 121, 
157), where reductions have ranged from −21 minutes/ 8-hour workday (p = 0.084) (118) 
to −48 minutes/16-hour waking day (p < 0.05) (121). Furthermore, an extrapolation from 
the existing epidemiological evidence suggests that the magnitude of this change (i.e. -77 
minutes) may be associated with a significantly reduced risk of all-cause mortality. 
Specifically, a recently published meta-analysis reported that the risk of all-cause mortality 
increased by 5% for each 1-hour increment in daily sedentary time for adults who sit 7 
hours or more per day (12). In the field study of this PhD research (Study 3), participants 
in the workstations-only intervention group reduced their sedentary time by 33 minutes/ 8-
hour workday on average. However, findings of this study also suggest that additional 
strategies targeting the psychosocial work environment and personal resources produce 
even greater reductions in sedentary time. This key finding is discussed in Section 5.4. 
5.3.2 The use of activity-permissive workstations has a neutral or beneficial 
impact on health-related outcomes in office workers 
The majority of studies included in the systematic review of this PhD research (Study 1) 
reported that activity-permissive workstations do not pose an OHS hazard in the 
workplace. Adverse events were reported in relation to 4/984 participants only (97, 131). 
Neutral or beneficial impacts were observed with regard to the majority of health-related 
outcomes, while most of the waist circumference and psychological wellbeing outcomes 
improved following installation of activity-permissive workstations. However, to examine 
potential concomitant benefits in relation to cardio-metabolic health biomarkers as 
observed in recent laboratory-experimental studies (64-66, 74) or other health-related 
outcomes such as musculoskeletal symptoms, larger-scale studies with sufficient 
statistical power and longer-term follow-up assessments are needed (99). 
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5.3.3 Activity-permissive workstations have a predominantly neutral impact 
on work-related outcomes 
Across the studies included in the systematic literature review (Study 1), no negative 
impacts were reported on work-related outcomes such as absenteeism, presenteeism and 
cultural-organisational factors, while a predominantly neutral impact was observed on work 
performance indicators. These results are further in line with another recent workplace 
study reporting a neutral impact on performance indicators following installation of sit-
stand workstations (74) - a finding that is particularly important when considering the 
potential for a broader adoption of such workstations by industry workplaces.  
5.3.4 Activity-permissive workstations are an accepted alternative to 
conventional desks among office workers 
This finding was evident across all the studies forming part of this PhD. Overwhelmingly 
positive feedback was received from study participants completing the two pilot studies 
forming part of the intervention development in Study 2, as well as from participants of the 
field study (Study 3). However, it was also evident that the workstation type and design 
need to be carefully selected and suited to individual needs and job tasks. This is very 
similar to the participant feedback reported by other recent qualitative studies on office 
workers’ perspectives on sit-stand desks (155, 156). This key finding is discussed in detail 
in Section 5.6.2. 
5.4 Implications regarding multi-component interventions 
5.4.1 Strategies targeting other levels of influence in the workplace may be 
needed in addition to activity-permissive workstations to achieve substantial 
changes in workplace sedentary time 
The multi-component intervention developed in Study 2 of this PhD research included 
strategies targeting the psychosocial work environment and personal health resources in 
addition to the installation of activity-permissive workstations. Throughout these PhD 
studies, the importance of addressing these additional strategies was evident, in particular 
when considering the outcomes of the 3-arm field study (Study 3). Here, the multi-
component intervention resulted in a 3-fold greater reduction in workplace sedentary time 
than the installation of sit-stand workstations alone. A similar finding was reported in a 
study that compared the acceptability and use of sit-stand workstations across four 
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companies, where the highest use was reported in the company having provided the most 
educational and motivational support in addition to the workstations (158). 
This finding could also explain the significant heterogeneity in the magnitude of 
intervention effects found across studies included in the meta-analysis of Study 1. The 
reason for this heterogeneity cannot be determined in the absence of a meta-regression 
analysis. However, it may be attributable to the widely varying intervention approaches 
that were taken across the included studies. Specifically, a difference was evident in the 
way activity-permissive workstations were integrated in workplaces and whether additional 
strategies (e.g. such as at the psychosocial work environment or targeting personal 
resources) were applied. This finding reflects the call for integrated approaches by the 
workplace health promotion literature as outlined in Section 1.5 (159). 
5.4.2 Ongoing additional support may be needed for sustained sedentary 
time reductions 
In the systematic review of this PhD research (Study 1), two studies measured 
maintenance of sedentary time reductions at least 3 months after the end of the 
intervention (160, 161). These studies reported a meaningful sedentary time reduction 
from baseline to the final follow-up. However, they also observed a substantial increase in 
sedentary time since the end of the intervention (160, 161). A similar outcome was 
observed in the field study of this PhD research (Study 3), where sedentary time increased 
by an average of 23 minutes (i.e. by 21% of the reduction observed at 3 months) after the 
additional intervention components (i.e. strategies targeting personal health resources and 
the psychosocial work environment) finished in the multi-component intervention group. 
The challenge of achieving sustained health behaviour change is a commonly reported 
problem in the context of health behaviour change initiatives (162). Avenues to address 
this challenge are discussed in Section 5.6.2. 
5.5 Limitations & recommendations for future research 
This section highlights the limitations of this PhD research in the context of the current 
evidence in this field, and provides recommendations to address these gaps in future 
studies. 
5.5.1 Evaluation of individual intervention components 
Limitation: While the findings of this PhD research speak to the importance of multi-
component approaches to reducing workplace sedentary time, it could not be determined 
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which of the applied intervention strategies, or combination of strategies, were more 
effective than others. 
Recommendations: The inability to isolate (the most) effective intervention elements is a 
common problem in the evaluation of complex interventions  (163). An important next 
research step is to evaluate the effectiveness of the various Stand Up Australia 
intervention components. Methods for such analyses are now increasingly being applied 
(164). These include the application of a ‘Multiphase Optimization Strategy Trial’ (165) and 
the ‘Sequential Multiple Assignment Randomized Trial’ (166), both of which could be 
applied in the Stand Up Australia intervention context. The former is used to identify one of 
the best possible combinations of multiple intervention components via multi-arm 
randomised controlled trials (165), while the latter facilitates the identification of optimal 
intervention elements and their dosage tailored to the responsiveness of participants 
(166). 
5.5.2 Evaluation of the cost-effectiveness of the Stand Up Australia 
intervention  
Limitation: Related to the point above is the limitation that the field study of this PhD 
research did not collect data informing the cost-effectiveness of the intervention. 
Recommendation: While critical measures to inform the cost-effectiveness of the Stand Up 
Australia intervention are currently assessed as part of the Stand Up Victoria study (147), 
the effectiveness of alternative, more affordable intervention modalities could be examined 
in future studies. This applies particularly to intervention elements targeting personal 
health resources such as the coaching sessions. Here, future studies may examine the 
effectiveness of group-based coaching sessions or of delivering the individual coaching 
sessions exclusively via telephone, which has been shown to be a cost-effective and 
feasible alternative to face-to-face contact in physical activity and diet interventions (167). 
Furthermore, the use of (smartphone) applications, text messaging and use of self-
quantification devices has become increasingly researched in recent years in the context 
of health education, goal-setting and self-monitoring. While research has shown their 
usefulness in preventive health care contexts (168, 169), studies are needed to examine 
the effectiveness of such technology for the reduction of sedentary time. Here, they might 
be particularly well-suited given their ability to prompt breaks in sitting time, provide real-
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time feedback about sedentary time and gather data about contexts of prolonged sitting 
bouts. 
5.5.3 Sustainability of sedentary time reductions 
Limitation: The current evidence base regarding the sustainability of sedentary time 
reductions is limited. In the systematic literature review (Study 1), it was observed that of 
the 13 studies, only three reported an additional assessment of sedentary time beyond the 
end of the intervention. Furthermore, the field study of this PhD research (Study 3) was 
largely underpowered to detect statistically significant changes in workplace sedentary 
time at the 12-month assessment. 
Recommendation: Longer-term and sufficiently powered trials with additional follow-up 
assessments following end-of-intervention are necessary to examine sustainability of 
sedentary time reductions over time. 
5.5.4 Understanding and targeting sedentary time during work and non-work 
hours 
Limitation: These PhD studies focussed predominantly on workplace sedentary time and 
therefore provide limited insight into sedentary behaviour across different settings. 
Furthermore, while some aspects (the second management email and follow up telephone 
call) of the Stand Up Australia intervention developed in Study 2 of this PhD research 
address the importance of additionally reducing sedentary time outside of work hours, 
targeting both workplace and leisure time sedentary behaviour equally was beyond the 
scope of these PhD studies. 
Recommendation: Understanding potential compensation or generalisation effects of 
reducing workplace sedentary time is a key future research area. Studies should therefore 
collect data across the entire day to enable understanding of setting-specific interventions 
on sedentary behaviour and physical activity across the day and other settings. Moreover, 
combining multi-component interventions to reduce sedentary time at work and during 
non-work hours comprises an opportune next step in this field. 
5.5.5 Long-term impacts on health- and work-related outcomes 
Limitation: These PhD studies provide a limited contribution to the understanding of the 
impact of sedentary behaviour interventions on health- and work-related outcomes. 
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The systematic literature review (Study 1) identified limitations of current studies with 
regard to understanding health and work-related outcomes due to inadequate sample 
sizes and typically short-term follow-up assessments. Furthermore, some decrements 
were observed regarding health- and work-related outcomes: In the systematic literature 
review, some negative impacts were observed in relation to musculoskeletal complaints 
(16/239 outcomes) (38, 131, 141, 170, 171) and foot swelling (1/239 outcomes) (171). In 
contrast and as noted in section 5.3.2, psychological wellbeing was found to be positively 
impacted on throughout these PhD studies: In the systematic review of Study 1, the 
majority of psychological wellbeing outcomes improved following workstation installation; 
and, the majority of participants from the field study in Study 3 expressed relief and 
happiness about being able to choose between sitting and standing at work. Regarding 
work performance, decrements were reported in relation to fine motor skills such as typing 
performance (131, 172-174) and operation of the mouse (131, 175, 176) in studies using 
treadmill desks and cycle ergometers. Notably, all of these negative impacts were 
exclusively reported by studies of short duration (i.e. <12 weeks). 
As noted in Chapter 4, while the field study (Study 3) showed no impacts on health- and 
work-related outcomes, it was underpowered to detect changes in these outcomes. 
Recommendation: Larger trials of sufficient statistical power and longer (i.e. >12 weeks) 
follow-ups are necessary to examine the potential benefits of reducing sedentary time on 
cardio-metabolic health biomarkers such as those that have been observed in laboratory-
experimental studies, and other health indicators. More specifically, it is important to 
establish the extent of health benefits gained from replacing sedentary time with standing 
and moving, respectively. And, in line with the positive impacts on psychological wellbeing 
identified throughout these PhD studies, future studies are needed to further examine the 
mental wellbeing benefits of sedentary time reductions. Regarding work-performance 
indicators, larger and longer-term studies are needed to examine the role of practice when 
working at treadmill desks and cycle ergometers. 
5.5.6 Examining the context and determinants of change 
Limitation: These PhD studies did not contribute to the currently limited evidence regarding 
the context or determinants of reductions in workplace sedentary time (see Section 1.5). 
To elaborate, this means that it cannot be determined whether the sedentary time 
reductions at work occurred predominantly at the desk, in meetings or other contexts. 
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Furthermore, the evidence regarding the role of social-cognitive factors (such as intentions 
or self-efficacy), social influences (e.g. collegial or managerial support) and physical 
environmental elements (such as activity-permissive workstations) to reducing sedentary 
time remains limited. 
Recommendation: A key future research area is to examine the context and determinants 
of sedentary behaviour change in workplaces such as pointed to in social ecologic models 
and workplace health promotion frameworks. This includes the characteristics of 
individuals achieving greater reductions in sedentary time, the context of sedentary time 
reductions (e.g. at the desk vs. during meetings), patterns (few prolonged vs. several short 
bouts) and replacement behaviours (standing vs. moving or a combination). 
5.5.7 Targeting other high-risk groups and involving workplace communities 
Limitation: For reasons outlined throughout Chapter 1, the focus throughout this PhD 
research is limited to addressing workplace sedentary time in healthy office-based 
workers. Given the infancy of the field, this research did not address office workers with 
chronic health conditions (e.g. such as musculoskeletal issues or mental illness) or other 
groups accumulating high volumes of workplace sedentary time (e.g. such as pilots and 
construction and transport vehicle drivers (177)) or other key target groups outside the 
workplace domain (e.g. school children (178) or older adults (179)). Furthermore, the 
Stand Up Australia intervention did not address the enterprise community involvement 
dimension of the Healthy Workplace Model (highlighted in Figure 5.1) (109). As described 
in Chapter 1, the enterprise community involvement dimension represents the mutual 
influences between enterprises and their local communities and involves activities, 
expertise and social and physical resources. Strategies targeting this dimension have the 
potential to facilitate dissemination of health behaviour intervention elements beyond the 
workplace setting. 
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Figure 5.1. Enterprise Community Involvement dimension of the Healthy Workplace 
Framework (109). 
Recommendation: Studies are needed that examine the impact of sedentary behaviour 
interventions in office workers with existing conditions such as musculoskeletal or mental 
health symptoms, as well as targeting other groups at high risk of accumulating high 
volumes of daily sedentary time. As shown in Chapter 1, the determinants of sedentary 
time in these groups are likely to be context-specific and the intervention messages and 
strategies may differ accordingly. For example, in the context of construction and transport 
vehicle drivers, high volumes of sitting times are likely inevitable. Here, interventions can 
focus on reducing prolonged bouts of sedentary time via regular standing/moving breaks 
from driving as is done in a current intervention trial (180). In contrast, the influences on 
sedentary behaviour in school settings are more similar to those observed in workplace 
contexts. Here, intervention strategies to reduce and break up sedentary time are more 
feasible and can target similar levels of determinants as in the workplace such as the 
physical school environment and organisational support. Studies have now begun to 
examine such interventions, including the effectiveness of standing desks in classrooms 
(181, 182). 
Furthermore, studies are needed to examine strategies to disseminate the message to 
reduce sedentary time beyond the workplace setting. This enterprise community 
involvement includes the resources and expertise a workplace provides for the wellbeing 
of a community (109). In the context of sedentary behaviour interventions, such 
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engagement could be realised through the facilitation of free screening services to assess 
sedentary time or provision of educational material on sedentary behaviour (including tips 
on how to reduce it) for the families and other peers of workers. Direct engagement of 
workplaces with the broader community to promote less sitting and a more active lifestyle 
could be accomplished in the context of events at local schools, aged care homes or 
sporting clubs, media campaigns or partnerships with local gyms. 
5.5.8 Targeting additional health behaviours 
Limitation: The key message of the Stand Up Australia intervention was to reduce 
sedentary time and increase time spent standing and moving (Stand Up, Sit Less, and 
Move More; see Section 3.2). In the field study of this PhD research (Study 3), substantial 
intervention effects were observed regarding workplace sedentary and standing time. 
However, minimal changes were observed regarding time spent moving. While this is 
consistent with the idea that the sit-stand workstations would be the primary driver of the 
sedentary time reductions in this intervention study, it points to the need for a 
reinforcement of the message to increase movement. 
Recommendation: Studies have consistently shown greater health behaviour change 
effects resulting from interventions targeting multiple health behaviours (109). Other health 
behaviours may be targeted in combination with strategies to reduce workplace sedentary 
time. One such opportunity in the context of the Stand Up Australia intervention is to target 
increases in physical activity across the entire intensity spectrum more strongly. In fact, 
participant feedback from the Stand Up Australia pilot study suggested that providing 
instant feedback regarding physical activity levels (e.g. via pedometers) or coordinating 
group exercise programs (e.g. walking groups during lunch breaks or boot camps before 
work) may help participants to increase their moderate- to vigorous physical activity levels. 
5.6 Recommendations for future policy & practice 
Based on the findings of these PhD studies, the following recommendations are provided 
for future policy and practice: 
  
 CHAPTER 5 
105 
 
5.6.1 Recommendations for policy 
Integrating sedentary behaviour reduction into workplace policies 
In order to facilitate the adoption of less sedentary routines in workplaces, integrating a 
focus on reducing sedentary time into OHS policies is likely to be needed. In the field 
study of this PhD research (Study 3), qualitative interviews revealed that both participants 
and managers often felt awkward when standing up or moving more at work. For 
participants, this pertained particularly to standing during meetings and to moving more in 
the office, as they feared to be perceived as being unproductive. For managers, this 
mostly pertained to standing during higher management-level meetings involving staff who 
were not otherwise involved in the study and were potentially unsupportive of less 
sedentary working habits. These observations reflect the importance of changing the 
workplace culture and OHS policies around sedentary behaviour as highlighted in a 
recently published article (183). Examples of how such policy changes could be realised 
include the integration of the ascertainment of high/ prolonged sedentary time into OHS 
risk assessments and induction trainings or revising policies regarding replacement of 
conventional sitting desks with activity-permissive alternatives. However, it is important to 
acknowledge that findings from this PhD research do not provide a guiding framework for 
the re-design of job tasks and postural execution of desk-based occupations. 
Inter-disciplinary collaboration 
The integration of sedentary behaviour into workplace policy is likely to involve numerous 
stakeholders. These include wellness officers, OHS staff, ergonomists, union delegates, 
management and team leaders. Inter-disciplinary collaboration between these 
stakeholders is important to identify a target behaviour and message in line with current 
practices across these disciplines. In Study 2 of this PhD research, collaboration with the 
university’s OHS staff was essential to develop the intervention messages in the absence 
of more specific guidelines (see Section 3.2). 
Inter-disciplinary collaboration is further needed when considering implementation of 
activity-permissive workstations and/ or other strategies to adopt more active routines in 
workplaces. In the field study of this PhD research, the sit-stand workstations were 
approved by the OHS department for the study purposes. However, the broader roll-out of 
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these workstations at the university was not permitted due to the lack of alignment with 
existing OHS policies. It is thus important to identify workplace-specific opportunities and 
barriers in the early adoption process of such practices and to ensure compatibility of such 
strategies with existing OHS policies. Appropriately qualified study champions, such as 
trained as part of the Stand Up Australia intervention, are likely needed to guide the 
implementation of such change processes.  
5.6.2 Recommendations for practice 
Creating a culture of change 
As noted in Section 5.2, findings of these PhD studies consistently point to the importance 
of combining installation of activity-permissive workstations with additional strategies to 
achieve more substantial reductions in sedentary time and foster a positive culture of 
change. This includes strategies targeting the psychosocial work environment such as 
staff emails supporting workers to sit less, educational materials or encouraging standing 
in meetings. Such strategies are also likely to increase the use of physical environmental 
opportunities to reduce sedentary time such as working at activity-permissive 
workstations. Provision of support strategies may be needed on an ongoing basis to 
maintain a positive organisational culture around reducing sedentary time in the long term.  
Choice of activity-permissive workstation 
The findings across these PhD studies consistently highlight the importance of carefully 
selecting the design and mechanism of the activity-permissive workstation in relation to 
individual job tasks and preferences. 
In the systematic review forming Study 1, a number of issues with certain types of activity-
permissive workstations were noted with regard to health- and work-related outcomes. 
Increases in musculoskeletal symptoms were predominantly observed in studies using 
fixed-height standing desks (without availability of height-adjustable chairs) (38, 131, 141, 
170, 171); and, decrements in work performance were exclusively reported by studies 
using treadmill desks (131, 172, 174-176) or cycle ergometers (131, 173). 
Across the Stand Up Australia intervention studies (including the field study forming Study 
3), sit-stand desk mounts were used. In the field study (Study 3), 1/44 participants dropped 
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out after the baseline assessment due to body pain, and 4/26 participants dropped out 
after the 3-month assessment due to experiencing shoulder and/or neck pain. 
Furthermore, despite the high appreciation by participants for the option to sit or stand 
during work, there was considerable negative feedback from participants regarding 
workstation-specific design issues. This is a common finding across other studies that 
have used these desk mounts (96, 155, 156). Notably, newer models of this sit-stand 
workstation have overcome many of these issues.  
Based on these findings, the use of height-adjustable desks with a fully adjustable desk 
surface can be recommended when targeting reductions in sedentary time. Furthermore, 
treadmill desks and cycle ergometers have the potential increase energy expenditure, and 
can thus play an important role in the context of weight loss and/or weight management 
interventions (125). However, more research is needed to examine the role of 
familiarisation with regard to the potential negative impacts on work performance.  
Impacts of activity-permissive workstations on the broader workspace 
Increased standing, such as facilitated by sit-stand workstations, can lead to reductions in 
privacy in open-plan offices. Furthermore, if partitions between desk cubicles are not 
raised accordingly, noise levels may be elevated. In the qualitative interviews following the 
workstations pilot study in Study 2, some participants expressed concerns regarding visual 
and noise distractions as well as compromised privacy when using sit-stand workstations 
in open-plan office spaces. Furthermore, some participants of the field study (Study 3), as 
well as in another study that installed sit-stand desks (155), suggested that re-
arrangement of other office furniture, shelving and/or stationary may be useful to ensure 
practicality and ergonomic suitability when standing. It is therefore important to consider 
the potential impacts on surrounding colleagues and the broader workspace, when 
considering installation of activity-permissive workstations in open-plan offices. 
Activity-permissive changes to the broader workspace 
While the modifications to the physical work environment addressed in these PhD studies 
were limited to installation of activity-permissive workstations, there are numerous other 
opportunities to modify the broader workplace environment to encourage less sitting and 
more movement. This includes signage in meeting rooms that standing is welcome, 
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provision of standing desks in meeting rooms or communal areas such as kitchens, or 
access to stair wells. Activity-based workplace designs, such as mentioned in Section 
1.6.3, are increasingly gaining popularity for multiple reasons, including enhanced 
collaboration between colleagues (184). 
Partnerships between industry workplaces and researchers 
Finally, and related to the above note, is that the growing interest from industry workplaces 
in reducing sedentary behaviour provides an opportunity for collaboration between such 
workplaces and public health researchers. Monitoring the impact of activity-based 
workplace designs such as mentioned above on key outcomes such as activity levels, 
productivity and workplace culture through natural experiments is an important area of 
future research. Workplaces play an important role in the examination of intervention 
elements in real-world settings. They provide opportunity to recruit potentially large groups 
of workers and are often willing to provide resources that are often limited in research 
context (e.g. through facilitation of activity-permissive workstations). Simultaneously, 
information that is typically collected by workplaces (e.g. work performance indicators) can 
provide a valuable contribution to program evaluations of research studies.  
5.7 Summary and conclusions 
This PhD thesis addressed a rapidly evolving public health issue: high volumes of 
sedentary time in office workers. The primary aim of this PhD research was to contribute 
to the currently limited evidence informing interventions using activity-permissive 
workstations to reduce workplace sedentary time in office workers. Results showed that 
installation of activity-permissive workstations can be a feasible, effective and acceptable 
approach to reduce workplace sedentary time in office workers. However, multi-
component interventions may lead to significantly higher reductions in workplace 
sedentary time than the installation of activity-permissive workstations alone. Provision of 
these additional intervention components may be needed for sustained sedentary time 
reductions. These findings have important implications for occupational policy and 
practice.
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Appendix B.1. Stand Up UQ flowchart 
  Recruitment of Participants  
     
   Management Consultation 
Provide study details & timeline; logistics of 
recruitment [& weekly untailored tips from 
management; role of management (org norms) 
& unit reps; id unit reps]; id assessment room 
 
     
   Recruitment email and participant information 
brochure sent to unit employees from 
management (provided by PC) 
 
     
   Interested participants contact PC via phone or 
email 
 
     
   Telephone/email screening for eligibility; 
appointment made for written consent and 
baseline assessment; consent form sent via 
email for familiarization 
 
     
   Assessment 1 (Baseline)  
     
   Confirmation of eligibility; Written consent; 
Monitor fitting; hand-out and explanation of 
daily log; hand-out questionnaire 
 
     
   1 week monitor wear per participant; monitors 
& questionnaires collected reg. from dropbox in 
units 
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     
Intervention Group 1  Intervention Group 2  Control Group 
     
Unit reps & Management Consultation (20min): 
Details + timeline of study; Introduction to info-
session; explaining role of management; explaining 
procedure of weekly untailored emails from 
management 
 Workstation set up (during weekend)   
 
     
Information session (20min): All participating 
employees; buy-in; welcome, education, 
explaining of procedure + timeline of study; 
identification of champion + explaining their role; 
brainstorm unit specific strategies; discussion of 
org social norm, giving consent to iMails; morning 
tea 
    
  
 
  
     
Workstation set up (during weekend)     
     
Individual Consultation (20 min): Assessment 1 
feedback (individual); Instruct how to use 
workstation and tracker; Goal setting 
 
 
  
     
Email: Summary of Individual Consultation      
       
Email: weekly untailored tip from management 1     
     
Phone Call 1: Check-in; problem solving; new goal 
setting 
    
     
Email: Summary of phone call 1     
     
Email: weekly untailored tip from management 2     
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     
Phone Call 2: Check-in; problem solving; setting 
new goals; SB outside the workplace 
    
     
Email: Summary of phone call 2     
     
Email: weekly untailored tip from management 3     
     
Phone Call 3: Check-in on SB at work & home; 
problem-solving & goal-revising 
    
     
Email: Summary of phone call 3     
     
Email: weekly untailored tip from management 4     
     
Phone Call 4: Check-in on SB at work & home; 
problem-solving & goal-revising 
    
     
 Email: Summary of phone call 4     
     
Email: weekly untailored tip from management 5     
  
 
 
 
3 months: Assessment 2 (End-of-intervention)  3 months: Assessment 2  3 months: Assessment 2 
   
 
 
Focus group/ Qualitative interviews 
 
Focus group/ Qualitative interviews 
 
Final Feedback (to individual and 
unit) 
   
 
 
Email: Feedback (Individual)  Email: Feedback (Individual)   
     
12 months: Assessment 3  12 months: Assessment 3   
   
 
 
Final Feedback (to individual and unit)  Final Feedback (to individual and unit)   
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Appendix B.2. Participant information sheet – example from multi-
component intervention group
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Appendix B.3. Participant consent form – example from multi-
component intervention group 
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Appendix B.4. Information flyer – example from control group 
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Appendix B.5. Participant information presentation 
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Appendix B.6. Participant information booklet 
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Appendix B.7. Workstation information sheet 
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Appendix B.8. Individual consultation script 
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Appendix B.9. Individual consultation checklist 
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Appendix B.10. Email template for individual consultation summary 
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Appendix B.11. Participant feedback report example - Assessment 1 
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Appendix B.12. Example protocol for telephone follow-up 
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Appendix B.13. Example template for management emails 
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Appendix B.14. Strategy list to stand up, sit less and move more outside 
of work 
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Appendix C. Workstation report from UQ OHS department 
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Appendix D. Stand Up UQ feedback interview protocol 
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